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NEWTON'S LAW: A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS

PURPOSE

These four.individualized programs simulate physical
experiments in force and motion, graph the unique data
collected by individual students, and provide feedback to
each student relative to his neneralizations: Film loops
are available to improve the realism of each simulation.

ACCESS INSTRUCTIONS' .

Get - FORCER

RUN'

(Instructions for accessing successive programs .are included
within the first program of the series)

DESCRIPTION

These programs. introduce .Newton's Second Law through simulated
laboratory experiences, and the Newton and Kilogram aredefined.
In using the programs, students improve their ability to ,,lake
generalizations

programs,
graphed data and they will improve their

understanding of motion'and the property of inertia (Newton's.
First Law)-. The simulated experiments parallel a series of
fundamental, Inductive experiments developed by the Physical
Science committee: The experiments are basic, yet to set up
and adjust the .real apparatus is a very. time comuming process.
This laboratory simulation is not designed to replace.all
first-hand experience with materials.; however, the learning
process can becoale more'effJctive and efficient if appropriate
laboratory work is supplemented with individualized, simulated.
experiments....

In each of the four programs the student must specify the
variables for the particular experiment, e.g the amount of
force to be applied and the mass of the cart, in response. to
Specific questions from the computer. The computer acts as
"lab partner" and graphs the data: it then asks numerous
questions about the regularities which are present. For example,
the student has to determine acceleration from a graph of
velocity vs. time in a couple of places.



If the student responds incorrectly, he is given assistance,
and if he fails to grasp the concept after help has been provided
more than once by the computer, he is instructed to see his
teacher before preceding; the program is then automatically
terminated. Each,completed simulation ends by instructing
the student to list the sources of experimental error as he
envisions them and to state the conclusions which can be
drawn from the experiment. He is encouraged to pursue the
investigation further at home or in the lab.

SUGGESTIONS FOR TEACHERS

This simulated experiment series is most appropriately
utilized after linear motion and the property of inertia have
been discussed but prior to introducing Newton's Second Law.
Since students will spend approximately 30 minutes on each
of the four programs, scheduling is critical when large numbers
of students are involved. If multiple terminals are not
available, other materials such as vectors and circular motion
may be discussed in class while students progress through the
simulated experiments on their own time.

To insure that students complete the series of programs,
teachers should ask them that they turn in completed programs
or that they include them in their laboratory notebooks. When

a student reports to his teacher because his program was
terminated early and he needs additional help, he should bring
the computer output with him for review with his teacher. The
concept causing the difficulty will be apparent in the closing
lines of the program output.

1

Physical Science Study Committee, PHYSICS LABORATORY GUIDE, 2nd Edition
Heath 1965, 35-37
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Description of the Force and Motion Unit

The series of simulations produced in this study parallel the fun-

damental, inductive experiments developed by the Physical Science Study

Committee (PSSC) through which students generalize Newton's Second Law.'

General objectives of the Force and Motion Unit for experimental and con-

trol groups are:

A. To provide the student with a detailed understanding of Newton's

Second Law;

B. To help the student develop graphical skills and an ability to

interpret graphed data;

C. To help the student develop inquiry skills.

A more detailed list of specific objectives for the unit stated in

behavioral terms is included in a subsequent section of this report.

Film Loops. The simulated investigations begin as the student views

a film loop showing a jet plane during take-off. The film loop places

the student in the role of experimenter, and through over-printing he is

asked questions which cause him to consider the variable's affecting the

acceleration of the plane. The film fades from the airplane to a labor-

atory environment wherein the student is shown how to measure the effects

of variables upon the acceleration of a dynamics cart. After viewing'

a person working with the apparatus, students acquire simulated data that

they must analyze. After their analysis of the data, they move through

successive viewings of film loops and interactions with the simulated

experiments.

1 Physical Science Study Committee. Physics Laboratory Guide. Englewood,
N.J.: D.C. Heath and Co., 1965, P. 35-37.



Programs. The simulations are broken into four major components,

each developing one major idea .as depicted in Figure 1. Program #1

(FORCEA) develops the concept that the velocity of an object changes at

a constant rate when a constant force is applied, i.e., a constant force

produces a constant acceleration. It also introds the notion that the

acceleration of a body is in some way'inversely related to its mass.,

Program' 12 (FOHCEB) develops the idea that the acceleration of an object

is directly related to the applied force. Program #3 (FORCEC).develops

the idea that acceleration is inversely proportional to mass when

applied force is held constant, Program #4 (FORCED) synthesis these

concepts and develops Newton's Second Law from them; it also introduces

the newton as the unit of force in the MKS systeTk. Each program concludes

with problems reviewing the concepts developed in the unit up to that

point. Also, the student is asked to list the sources of experimental

error as he envisions them and to state the conclusions which can be

drawn from each investigation. He is encouraged to pursue each investi-

gation further at home or in the laboratory.

Students interact with the computer through remote terminals using

natural language messages to get unique data they are to analyze. Each

computer program begins with a short question to assess whether or not

the student has attained the competencies necessary to enter that phase

of the unit. If he does not meet the entrance competency required in

programs #2, #3, and #4, he is given a second chance to do so without any

assistance. If he responds incorrectly the second time, he is told to

review the previous program. If the computer determines that he does not

meet the entrance competency at the beginning of program #1, he is given



Entry Concept:

Program #1:

Program #2:

Program #3:

Program #4:

Objects have constant velocity

when no net force acts upon them.

Constant force causes velocity

to change at a constant rate.

Determine acceleration from

velocity versus time graph.

Acceleration is directly

proportional to ,force.

AIX F

Acceleration is inversely

proportional to mass

A ct 1/M

N

F = MA

Newton introduced as force

unit in the MKS system.

Figure 1. Sequence of Major Concepts in the
Instructional Unit,



assistance by means of typed messages. If he fails to respond correctly

in three attempts, he is told to review certain materials before returning

to the computer terminal.

After the student enters a particular program, the computer plays

the role of the student's lab partner in a dialog mode. It asks questions

which allow the student to specify the independent variableS in the inves-

tigation such as the amount of force to be applied and the mass of the

cart, and it generates unique data for the dependent variable "very

similar to that obtained by experimenters using the real apparatus shown

in the film loop." In data collection, the computer types out statements

such as: "You make the simulated run with the cart applying a force of

,)
XXX (sprcified preViously by the student), then I'll analyze the ticker

tape, make a data table, and plot a graph of velocity versus time...'.'

The computer organizes and plots the data many times faster than the

student can, thus allowing him to focus on the regularities apparent in

the data instead of the algebraic manipulations necessary to graph the

data. An even more important aspect of these dialogs are the questions

the computer asks the student concerning generalizations which should be

apparent in the data. 'At some points the student is asked to determine

acceleration from a velocity versus time graph (slope). At another point

he must note that a curve does not pass through the origin, and he is

asked to explain why it does not 0.0 so.

Typed below is a short extract from program #2 which conveys the

nature of the interactive dialog concerning graphed data:
2



NOTE THAT THE GRAPH DOES NOT PASS THROUGH THE
ORIGIN. APPARENTLY THE CART DOES NOT ACCELERATE
WHEN WE APPLY A SMALL POSITIVE FORCE. WHAT
COULD CAUSE THIS?
?FRICTION
THERE IS FRICTION BETWEEN THE CART AND THE. FLOOR
WHICH OPPOSES THE FORCE WE APPLY. STUDY THE GRAPH
AND DETERMINE FROM IT THE FORCE OF FRICTION (IN LOOPS).
?.5
FINE! THE FORCE OF FRICTION IS REPRESENTED BY THE
INTERCEPT OF THE GRAPH WITH THE FORCE AXIS.
HAD WE USED A CART WITH GREATER FRICTION TITAN IN
OUR EXPERInENT WOULD THIS INTERCEPT BE TO THE
RIGHT OR LEFT OF ITS PRESENT LOCATION?
?RIGHT

CORRECT! NEXT, I'M GOING TOTAKE THE DATA WE
COLLECTED AND PLOT THE RESULTANT FORC] ACTING ON
THE CART, INSTEAD OF THE FORCE YOU APPLIED IN EACH
RUN. (THE RESULTANT OR NET FORCE IS THE FORCE
YOU APPLIED MINUS THE FORCE OF FRICTION.)
TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL
INTERSECT THE FORCE AXIS.
70
RIGHT! HERE'S THE NEW GRAPH:

For brevity only correct responses have been shown. Had a response

been incorrect, a discussion of the particular item would have appeared,

followed by further questions on the same point. If the student exceeds

a certain error rate, he is told to consult with his teacher before -con-

tinuing the program. A sample error branching sequence is shown diagram-

matically in Figure 2. The dashed line in the Figure indicates that after

providing help the teacher has the option of sending the student on to

the next instructional sequence or returning him to the same instructional

sequence in which he encountered difficulty. This particular program

2 Question marks at the left edge of a line are followed by the
student's response.
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Interactive

Simulation

T?

Brief Instruction

Sequence for Concept n
10. 41101 ow& m110 mos maaa. .

Brief Instructional

for Concept n+1

etc.

Figure 2. Sample Branching Sequence

3rd

To Teacher

for help
...a .0. 4111011 m.o. AND .111



segment extracted from program #2 is followed by the plotting of a new

graph, a brief discussion of that graph, and a dialog which asks the

student to write an equation to fit the graph. The sample computer

dialog runs included in this report should be reviewed individually for

a more thorough overview of the interactive simulations.

Simulated Data and Problem Sheets. Data and problem sheets providing

information very similar to that in the computer programs are included in

the final section of this report. They are designed for use by students

who do not have access to an appi'opriate computer facility. Each data

and problem sheet reviews briefly the objectives of the particular in-

vestigation and then provides data "the experimenters gathered... from a

careful analysis of the ticker tape pulled by the cart." Each student

is asked to graph the data and discuss specific questions relating to the

graphs on an "investigation work sheet."

Unit Development

.The particular concepts taught in this instructional unit were

selected for several reasons. They are fundamental in mechanics, they

are readily amenable to graphical display as linear relationships, and

the author has observed that few physics teachers have students do

laboratory work in the area. Initial program writing was done in

English language. During the lesson writing, main programs were com-

pleted before error loops were written. (Error loops provide help

following the entry of.an incorrect student response). The completed

programs were then coded in BASIC. Certain other computer languages



would have expedited program coding, but the BASIC language was.the only

language available to the author's students at that time, and it did not

excessively constrain his initial objectives. In order to remain within

a 5000 word core, each program in the series references a file in which

messages are stored that do not contain variable quantities.

The lessons were altered in minor ways during encoding. Later they

were revised based upon feedbaCk from a small number of students who

used the materials prior to widespread use of the programs.

The simulated data and problem sheets were prepared from the computer

lessons after the computer lessons had. been revised.. Data appearing on

these sheets Were similar. to that which is obtained by computer students,

and the outline of the sheets parallels that of the computer programs.

QuestiOns and problems included in the computer programs are included on

the simulated data and problem sheets. Correct answers are included for

some of the problems, but most often the student is not provided with

correct responses on the sheets. Feedback regarding the accuracy of his

responses, if he is to get it, will come from other students, his teacher,

or the graphed data.

Scripts for the film loops were written and initial filming was con-

ducted concurrently with the initial program writing. Filming was done.

in Super 8mm on Kodachrome II film. After commercial processing, film

clips were spliced into final form, and they were then commercially

reproduced and placed in cartridges. (Titling was accomplished, by filming

through'plates of glass on which block letters had been placed;`)
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Classroom Implementation

Teachers who use the Force and Motion simulations may bring their

students through preliminary materials in a variety of conventional ways

(See Behavioral Objectives 1-4.) The students then progress individually

at their own rates through the programs. Students normally schedule

their programs outside of class time. Completed programs are to be

submitted on certain dates which are specified in advance.
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T -F

PUN
FEIRCEA

'.'ELCOME TO CMP fiMMI0TED PHYSIC'S LAP. THEW6H THIS SERIES (iF
PP0G4 .Ar1' WI' FILM LUnn 'IT WILL INYESTICTE ROM
FLY ;TT AFFE(J:* Th 7ITION OF FIN OPJaT.
HAVE YOU MATCHFD THE FILM LOOP FOCE NOTION I?

USE ONLY NUN:- qLS AND CFiP: ANSOEPS:

TYU

ONE INSTRUCTION VETUrT '.'E wHF.14 yroyPE tv-Krri TO TYPE
IN NWFP./C1L DTA, DO NOT TYPE THF UNIT .: OF THE AWW.R. FOP
EXAMPLE. f; 1:N'I-'mr:R. OF F.::1re TYPED '10'.
F.XPEPILN TELL:: US THAT Mr NUIJ APPLY A FMC! Tn CAW7E
AN OPJECT T1 N9VE. IN THI1:- a-1'IF:7, OF Sfl'ULATED LEFiitIN7AT ME
:HriLL PHYACAL VARIfirLES WHICH AFFECT THE MOTION
Or AN OP.17-1, THE PriTA /41104 OE WILL MILL FE VERY
SIILAi% In THcif nrrntr*LI DV FTEPIEEiliCr.E. USINI7; TPE PEAL
APPC.,1T1.1 !IF1',i4 IN THE FILM LOOP. I WILL kE Y,JIJP LAB
PAPT.

k'IFIT;E HE YqU ::11OULD DE FFi!ITLIf: WITH THE
FF?TY w4ICH WA1 kY GALILEO fA4I1
NFMT6N.
IE A 'r': F. ): TRF4VILIN'":". THROMi;H .Zr-AE HT 100 1i,--,1-EC AND THJrE AE NO

ACTIN6 ON IT. wHAT WILL DE ITS 7:PEED (IN MsEC) 5 -2.r-71-:. LATEP?
U O0

CTWECT! TO TN': Ps'ili:FPIY O CPLLEP
14-,41T17 1'7.T L00". 1.0 11)C:T VCLOCITY MILL LE Cba:..1-1.NT
UNTIL IS APPLIED. YET, IN m.::11 MAY MILL
AN UrirsiLtf..7:D THH VELOCITY TO (-HAWSE?

IN THI'T 17-'14J' .-NT ME :HALL INVTIGATE I' AN
Or_lfT'70 wE F:=4-LY
WE '.7.H.?Lt, I:A:71"; 0-1 CL TO TH': r' FL'.:TRING ONE

LUCE Or: :Tf....11.D C.C.MTI.,01. LE1 ::.4TN. (ME CAN
STFETCH Tit LEN6TH 50C1t n47) loocm.)

TYPF 17LU, luF 1-1.-NT CIF 7:Tr7TCH IN CM wHICH YOU INTENT' TO APPLY
TH7: TL,JHflif 1!4I7-

YO,J TP.7 :INHLAIrJ1 r.UN leITH TH7 (1.:'T nErAYIH6 A FC;47:E OF 5(1 1".-t1.

TH=.N I'LL f::4=71 r 11Th (*WI! PLOT A Fc'..-H
LIE' TPC.
till'.' wHe 77117v..: FLt-i!:E ON TH7.-1 Cf:rT vO;-' c LOAD IN 1HIS PON?

I ',L. 17"1- l!v. --- +N!' TI o 61 1U!-.HING TYr PDA'4 T!.77

11.01 H !T;%!! 77

BEST COPY AVAILABLE
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HERE 17 n Trim 1.;.+PLE I'VE MPDE FU CM IKE T1O-FR TAPE POLLED BY THE
CWT IN TNI: PON:

TIME (SEC) VELOCITY (.(M.--.7EC) CLFIRD = 1 LPICK FOPCE = 50 CM]
. 1 2
. 2 4
. A
.4 8
.5 10
.6 12
. 7 14.
:3 JA
.9 la.

20

NEFF.: IS A 14RAPH OF IND DATA:

12 X

sy. 10 + X

L 8
O (CM /SEC)

A X

T 4 >

+ X

0 .1 .4 .5 .6 .7 .8 .9 1.0
TIME (SE(:)

unall = 1 DPICK FORCE L.: 50 CM]

IUDY THE DATA AND GPAH. CAN YOU OBCERVE ANY PEGULAPITIES?

PLERE TYPE YFS'. OR 140
STUDY ThF p-an ANTI f.5V.PH. CAN YOU OBSEPVE ANY PEGOISPITIES?
;:YES

W HisiT KIND OF PELATIONF_NIP EXI!.i.0 BETWEEN VELOCITY AND TIME UNDER TrY7rE.
CONDITIONS <DIr4:ECT 117 INVEP57E)?
TDIPECT

RIGHT! IN FACT, TIr APFEA-'7' Tfl 1.2 A LINEAP PELATIONIMIP
BE141:E1.711 ':Lo PATY AN!) TINE IF I 1WCLU1' IP;sE6U-
LARITIE'S Cij:7.:11 BY -- SUCH A!:
VAAATIUT: 1!'1 Tr: FC..1:: TH,7 (H I:: IN VtA0C11Y
PrEirncT TI' TI-. 7 TINri. OAIIM TH. KIPCE
Hi: 1 'CD . !. H IT
YFLUCII%- ill A CPA.i.,:r PNTIT.
ri'!71:1 YUJ: HoDY NUL TiIT ACCT!Erfq-
IION -11" :r'. c. (1 YaUCITY. IN: ffrCELF.Fol1914
UF F04 V: TI N IN: ft!':': VILECITY V. TIME
f4-11P4. IN ,.-7H IN T...

Ir. f: 1;"1 'IT V!:
1 !;': I . ;

I

BEST COPY AVAILABLE
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THE (CtGIAHT AFE'LIED -IN TH1:.: PUN Dip ProriuCE A CcN.:JAI-1T.
ACCELEATI0:4...
ANALY:E THE. 6PriPw6ND liErErHIN THE Ac.CELFFATIoH IN.cmrEc/Fc..
?20

CrmisTANT IX7 50 CM COI RED OUR CART TEl HAVE A COICTANT
FuCCELEATIfiN OF 0 CH/SEC7-SEC.

PUT IS WI:: ALWYS CON:::T!-,:iT UNDER THE INFLUENCE OF A
CON7WAT FT.r

DP7;:Fr IF fAE U:ED A DIFFEPENTLOnTr7
TO EINti riuT, LET" TN7. OF T:r. ON THE CA;.T AND NWE
ANOTN',ER HPi-LWG THE .5;!'icE FPPCUJII. 50 CH.
HOUMr'INY }.RICE.: 10E PLACE OH THE CAPT FOR A LOAD IN THIS PUN?
?2
I/VE GOT TI F UN: --7 AND THERE YOU GO PWMING THE CART DOYH THE
HALL PLEET7FOUTED A A. DEEF!!.! ?

HERE iS A DATA TcrI.E. I'VE MADE FROM THE TIaER TAPE PULLED BY THE
CAPT IN THI

TIME (:.EC) VELOCITY (CM/-SEC) fLOAD =
. 1 1.33
.e 2.66

3.99
. 4

7.99
9.31

. 9 10.64

.9 11.9
1 13

HERE" IS A 6PAPH CF THE 'DATA:

DRICKS FMCE = CM1

12'

10 .±

L +

.0 (...CM/17c). X
C 6- +

2 ..+

+ + + + 4 -4- + i + + + + +
U I

.4 .5 .6 .9 .9 I .0

TIME <:cr)
CLEFID CHI

-Aw,r yUu I

-;)

BEST COPY AVA;LABLE
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THE CCN-TNT FOPCF H rPLIED IN TNI7 MN DID rrrnucE A CONFTANT
no:ELEHlw.A.
ANALYZE THE 6PAPN HND PETE:MDT THE ACCELERATION IN CWSEC/SEC.
?1D.3

OU4! CANSTANT FCPCE OF 50 CM CAU'SED OUP CART TO HAVE A CONFTANT
ACCELETIPN OF 12. CM/SEC/SEC.

AS YOU CN FEE 01_!:-7, i10 ALSO INDICATE THAT THE MASS OF THE CART DID
AFFECT ACCFL1iGN.
WAS THC AfTELEFI4M1 G:;:EATER UP SMALLER WHEN THE SMALLER MASS WAS
ACCELEICD?
?GREATER

CORPECT; THE SMALLER MASS UNDEPWENT A LAREEP ACCFLEPATIrN.
APFARE.,ILY THE MIE '<IND OF INVEP.FE RELATIIHIP
LETVEEN THE MASS EF AN ODJECT AND ITS C:CCELEMTIf:::1 I.:HEN A
CONFTANT Fn7Pcr: I iNPLTEt,. W17 HILL FOrriA7P INVFTIGATE THIS
PELATINIP IN TCF THIr":1) Efr.P.I.TNT IN THIS =IEL.
TO FRI:A TNE GPRHS OF OUP FiTA THAT
ONFN A CLITFiNT APtIED TO A CAPT WITH A PAPTI-
CULAP NiiSS THE ri,7c:ii.unTiul Wi.z CONSTANT.

NOIA. LET' TPY CM7 LAST PROI.!EM.
IF At AIP'iLAt!,-7'S F.71;.TE A NEI' FOPCE WHICH IS CONSTANT AH0 1:!--4ICH
ACCELET:'S ThE Pt FrCM 0 TO 100 M/TEC IN 20 'SEC, WHAT WILL EE
PLANE'S VELOCITY 1;i h/7IC: AT THU END I 40 'SEC.

'7200

RIGHT! A5HIN, A CONFTANT FO-!CE CAUSES A MA TO HAVE A CONSTANT

iiirAC:CELCNVIOH.
0-1:=1;4 w1ULD rt lt:CELE7ATTC:: HWE DIFFUED KID WE APPLIED A DIFINT

FOE?--THIS C4U,Z7TIUN THE 3.S 15. FOR THE NEXT
EPEPr.:::.Nr IN THI EPIES.

INCE vnu :TUDYI16 FErCE AND MOTION USING A SIMU-
LATED Y110 HAVE flOT WID id CUE mITH THE r1tN
TOU:;.CES IN THE 61:TU4-IL

ciTU. IF Y00 1..71 TO VD Ti.4E tL PI=7;71/ YOU WOULD
HAVE 19 Sip, I F F fl Ht: GEr.:,-...AZ(ITICH7 WE'VE'

SEEN C.!:!ALII PE YOU WILL LE FC.:A.E TO PUP.SUE
THE INViTTICfATI!'.1 AT Li. C5- IN 111,..! LAri.

AFTER YljU'NE-FAri TVI,11;i L r6iLL CUT

UTPA OF C*.1 THI Ft. LIST THE SLT.:CES OF
L ENVIAbA f4ND '.1.T,,itE THE

P1,7iJG"' p7.-± F,17;1

1W,LU.!: THIf: fC fl h: meri AS
YOU TNE r TI.111Y V1.I ift. NE:.:T FILM LLE7iP -4-U'CE
MOTION 11' ANN P H ';Nif -EU'

TO :11t.;.1. ryr-.7 I:Yr:" 1IIJI V1:12 S' THE FE.111 II IF?

BEST COPY AVAILABLE
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RUN..

FOF:CCD

IdE!AOMEAGAIN TO OUP SIMULATED PHYSIC'T:. LAP. I ti THIS SECOND
EXpERIMHT r.ir INF IERIF::". WE ;JILL INVE:TIG"iTF HUY FORCESAFFECT
THE ACCELFF-.ATION OE AN'OBY:C.T. HAVE YOU COi1PLETED FORGER !K
wATCHE iI IHE FILM LOOP 'FORCE MOTION IP?
?YES
IN DyR.LASTEXPERIMENT WE OBSERVED THAT H CONSTANT FORCE GAVE OUR CAFT
WHAF KIND OF ACCELERATION?
?CONSTANT.

RINF! HOY Ti) HOW ACCELERATION VARIES WHEN THE (II";-'LIED FORCE
CH....:GEDYEL. HOLD ALL DINER VA'''TALLES (SUCH AS tIc'iSS)
HOW MANY ERICKS SHALL WE PLACE ON THE 17AU THROUGUT THIS EXPERD'Er.IT?

H. YOU ODSEF:VED IN THE FIIMH WE CAN VARY THE FrIFCE 14E FPFLY.
BY U:-.ING 1)1 FEFENT NUMPERSOF R :*E1:' LOOPS STRETCHED A CON -
:Ti HT LENGTH; I-SUGGE'71 tF.0 CM FOP ALL LOP.S: IN 1-FlI FXPEPINENT
YOU SPECIFY TNE.FORCE YOU LL AFFLy IN EAI7. TPIAL.ANP
MAKE Ti E SIMULATED RUH. THEN I'LL DETEP.MIHE n,:c;iLcrArroly
FROM THE TAPEAND..PLOT A GRAPH OF ACCELEPAlION V.
FDPF WiEN WE HAVE.EHOUGH.DATA.

HOY NANYLOOP ARE YOU APPLYING IN THIS PUN?

NE DOH'T HAVE ANy PARTIAL LOOPS IN OUR LAB. TYPE IN A WHGLE

THE ACCELERATION IN THIS PUN WAS: 9.6

HO!) LIMPS. ti =E YOU 'APPLYING IN RUM?

THE rKCELEPr'iTION IN' THH: 9,UN I.Ii1 ? .9

HOw MANYLOOP ARE YOU APPLYING I i THIS WNT.
E.

THE ACCELERATION IN THIS PUN WA:: CM-FC/SEC

HOW MANY LEKli'.7: AREYOD A'-'PLYING IN PUN?
-7**.:

THE ACcELEPIITION IN THU: PUN WAS: 67.2

WINY LOU2.7 ARE YOD APPLYING IN THP.1
710

ACCELERMION'IN THIS RUH

IF YOU D L.II f. TO tl,;!:'E PUN' IYPE "RUH/: IF YOU'D LIKE HE

CM :EC :EC.

BEST COPY 1WAiLABLE



HOIJ mAlly LOOPS ARE :YOU APPLYING IN THIS RUN?
?I

THE ACCELERATION 1NTHIS RUN WAS: 0 .61/SEC/SEC.

IF YOWD LIKE-TO- NAKF ANOTHEPRUN, TYPE "RUN"; IF YOU'' L1 LIKE ME
TO GRAPH A VS. F, TYPE ."PLOT.
?RU{

HOWHANY LOOPS ARE YOU ARPLYIW I N THIS.RUN?

.THE AACFLERATION IN THIS RUN WAS: 76.:3

IF YOU'D LIKE TO MAKE ANOTHER RUN, TYPE 'RUN"; IF YOU" II LIKE. ME.
TO A F' TYPE 'PLOT'.
?PLOT

100 +
+ X

A

C: 60 +
E(CH/SEC EC)

X

x

L 40 +

+ X
20 4

0 + + + + + + + + + + + + + + + + + + + +
0 1 3 4 5 8 9 I

FORCE (LOOR)

CAN YOU OI:SERVEANY REGULARITIES IN THIS GRAPH?
?YES: H .

'..

WHAT KIND PE.RELATIONSHIPEXISTSPETEEN ACCELERATIErA AHD FORCE
(DIRECT o- INVERSE)?
DIRECT.

RICHT! IN FACT, THEYF APRERS TO TE: A LINEA? RELATIONSHIP'
:ETI,!EEN FORCE. AND ACCELT-TATION.IF'WE OVERLOOK THE IRREGULARITIES.
PRErA:'LY CAUSED BY E:,:PEENTAL ERROR.

NOTE THAT THE CPARH DCES NOT PA7:S THROUGH. THE07-'1GIN.
APPARENTLY THE CART Dr;:S' NOT ACCV=LERATE .APPLY
:MALL POSITIVE FORCE. WHOT COULD CAUSE. 'THIS?
.7TRICTION

THERE FRICTION 1ETYENTH7 CART AND THEFLoT7e.wHicH ORPMEI: THE
FORCE WF.APPLy. THE GRARH DETERMINi.] THE. FOflCE OF
FPICTION(PN

BEST COPY AVAILABLE
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-FINE! 1NErFL-1kE:EF FRICTIONIS.RtIT:FNTED PY:THE.INIEWCFPT..
OF THE 6RAR. THE FORCE AXIS,

HHlI

/

WE 1=1 CART. WITH GRI:TATEPTRICTION THAN IN 00R. EXPERIMENT
YgULD THIS INTERCEPT. DE TO THE R'I' HT or LEFT-OF ITS
PRESENT LOCATION? Y RE ffRI6HT'
?RIGHT

CORRECT 1 NEXT. TAKFTHE DATA ME COLLECTED:ANDFLOT
THE PEULTWIT FORCE qCTINGON THE CAP1-!..JWTE17:D OF THE
FORCE YOU APPLIED IN EACH RUN. (THE REULTANT OR NET FORCE

THE FORCE `10L1 APPLIED VINUS. THEFORCE.OF FRICTION.?

TYPE IN THE= POINT WHERE 'YOU THIN k THE HEM PLOT WILL INTER:::ECT THE
.

HERE'S .THE NEW GRAPH:

100 sX

A :30 +

C Al:,

E.70:M/SEC/*SEC)+

L. 4') + X

20
+
+ + . + + + + + F + + + + + + + + + + + + -1

0 1 2 :74 4 5 A :3 9 1 0

FORCE (Lo9r )

AGA1N..WE A LINFAP RELATIONHIF 1,.:ETWEEN FORCF-AND ACCELE
. RATION...AIME THAT THOU(4HTH:-7 INTERCEPT.W1TLi THE FLT7-1.:E
HRBEEN THF1OPE.OF THE GRAPH.HAS: N111 1:-JIANED.
FRICTIONCILFOF'CE PUES'NOT.APPEARTO 'AFFECT THE 1LOPE OF THE
ACCEL.. FEIT.,!CE GRAPH...

EQUATION.TO.FIT TH I GRAPH. USE /Ey'. TO RI,:FREEtITACCELERATION
-.F'.TOREFF:Pf,ENT.FORCE. 1,f./.T.O.PEPREENT THE .,...11YE (ON'T

BOTHER TEl CALCULATE THE EQUATION:. A= .

7(Ar.-7KF

PUT WHAT FACTOR WILL CAU::::E THE :StOPE TO CHAN..":4:7. ME' YE

.:OT:SERVFP. TWIT EFFECT. OAFIT OT1' 7R VARIALE
THE LOPE TO CHFiNGE7

?!11.711:i

A: WE ITE-::F.-..PVED PrHTTFLAIT EXPEPI1.!7PT1 701. .INVf7F""

pELFfilriHtIP TO ray; A i:Et:.1!:,AT Ts
APFtlE11.. 114 TOE NIFXT E .:c.: 5: I i'! =NT h!E LL CONDUCT O 00Aio'TFIATIVE

:JUDY IHj.:-:..A.HIJCH:.1-111%).

.137s, COPY'AVAILABLE
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Tn IT lifi rr i r,i ri,17A lHbir Po(!-IFFATIfol I:
DIPCITIY 1u1 1. I. tr-1 TI '1 11:4 : Pg41,4:
COW rfiP.1 IV i f11 t'T -41P 1.: els-loF. I

tHOUt. ji Hp 1 T'. '1 t- !1- UP4 E 1IU 41 It"-' It o ;TOT

FOC-o:fiA If -1);: nu Att 'E lIt Ott THE
01'2:CT. HOMs Th' 1H1:

A :PACVV11;) r Ao.TuF;:1,T13 IN :PFiCC AT tem,.Ac-:cc DU r To 7HE FniE
"I'At;77. ':11N7..WY ? I1.0MTICAA. POC*FT!

16mun 'o-:11:1 in it..; iliczcrifiA THF FJP:T. WHAT
151 THF :HIP hOW ,-.1tPIENCF7

?:10

GOCD! PrintP.P Pr-07Y1.1 Ur? vO9 In Tpy:
IN 10 cfl or?-o r i 171.AM PE:T TO to TEED ur :Nclocm,:ec
mqui torOlit FO/',:f-tf;%. THr: Effh 11,- THE Ifi_EC
IHTC;-%.! OPF-It :To'hoTH.
IIHIII ji 14E 111.;.7 OUJICT HT M. iHti FIP:T Z'i.) :EC IM
CM
7400

COPFECT!

YOU HPvE THI!. :IMLAIED PEPWPS
YOU JILL r 44.1r.: TO 1 M.7A.tr: it+ IHY:TMITIC;:$ 0-UPTHEP AT
HOME YUgP

AFTF:P :160[a OFF TO-41.: TEFHItfAto POLL OW SEVERN.
i'VHSZ. 5F r.l. 7.14 IT LLI THt-: CF rFtA17-;111.1.
EP.F47. A. YU6.1 EW)A0A TH1M :;;;TI I Tt fl oq
YOU CHH Ti-" EXPCLSNT. !HUME 1t11:' PAP 114

YOU7'
41; AIL-1 Apj ;Hi CPP4:1014ITY YIF14 THE WA' FILfl

mralLA III., THEH 17,6H /FEEN:EC'.

TO :I6U r.WC TY.- 'DYE' AND PPE: TPE PETL6:14 kEY

DOME

. BEST COPY AVAILABLE. .
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RUM
FOPCEC

HELLO AGAIN. IN THIS THIRD PROGRAM OF THE SERIES.. WE WILL..STUDY HO/^/ 'A.
.

Ct1nTANT'ROR.CE DIFFERENT 1.1!..;SES. HAVE you COMPLETED 'FORCEP'
AND THEN VIEWED FILM LOOP 'FORCE & MOTION
?YES .

IN THE FIRST'EREPIMEHT IT THIS SERIFS WE OBSERVED THRT CON:I-ANT
FOr!):.ES CRUSE A YODY TO U,4]FRGO A CONSTANT ACCELERATION IN THE
LHJT EXRERIMENT WE Kul THE CONSTANT f-;ND 0EiERVED.WHAT KIND OF
RELATJOHSHiR BETWEEN AC'C'ELERATION AND FORCE?.
?LINEAR-

PIGHT. NOW TO STUDYHOW ACCELERATION VARIES WHEN THE OBJECTS
MASS IS CHRNr.;ED HE'LL TRY TO Hap ALL OTH':7R VRIADLES CON-
STANT. yEt-LL npPLy V-1E :.s.EIME FORCE TO THE CART IN ALL RUNS.. BY
KEEPING.DrE LEDER OF RUIT.-'F.P. STRETCHED A CONSTRNT LENGTH. (WE

cfm ..:1-PFTcH OUR 'LOOP DFTWEEN 50 AND 100CM.)'

TYRE BELOW THE AMOUNT OF STRETCH IN CM YOU WILL APPLY DURING THE
PUHS..THOUGHOUT THIS EXPERIMENT.
775

WE CAN VARY THE C.ART'SMASS BY USING .DIFFEPENT NUMPEPS OF
1DENTICAL BRICS. FOR A LOAD. THE OF THE EMPTY c.nr--17
1,1E' L USE HAS 'B7EN ADJUSTED TO EOUAL THEMASS OF ONE PRICK.

YOU SPECIFY THE NUW,.:L1). OF BRICKS YOU'LL USE FOR A LOAD IN
EACH TRIAL IIND NWE TW-2SINULATED. RUN. THEN,T'LL DETERMINE

...ACCELERATION FROM THE TICKER TAPE AND PLOT A GRAPH OF
ACCELE.;.ATIO.V. FEMEODER., TH: MASS YOU'RE ACCELERF;TING
'IS ONE. THANTHE LOAD YOU SPECIFY SINCE THE CART
HAS A MASS/OF 1 PRICK.

HO*NANY PRICKS, Ar.:E YOU USING FOR A .LOAD IN THIS RUN?

YOU HILL FIND THAT IF YOUR CAPT HA': NO DRICP.i- ON IT AND YOU APPLY A
FORCE OF 75 IN THE CART HILL TAL.F OFF S.0 FA:.'3- YOU YON'T BE ABLE TO
APPLY H CONTANT FORCE. I SUGGEST AT LEAST 1 BRICK FOR A LORD.
SU, AGAIN --

HOW MANY BRICks ARE YOU USING FOP A LOAD IN THIS RUN?
?I

FOP YOUR TOTAL MASS 07 2 BRICKS!, THE ACCELERATION
WA.7:: 20 CM/SEC/SEC. Cl/A= .033

HOW MAW BR.ICK3 FIFE YOU USING FOR A LOAD IN THIS RUNT'
T2
FOR YOUR TOTRL DRICWS. JHE ACCELERATION

7,0 CH/.7.C/-..CC. CIsP= .05 3

13EST COH q.; fr."
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HOW MANY DRICKSAREYOU USING FOR A LOAD IN. THIS PUN?
.?3.
FOR YOUR TOTAL MASS OF 4 BRICKS. THE ACCELERATION
WAS: 15 'CM/SEC/SEC.

. Cl/A= .066

HOW MANY BRIC1S ARE YOU U:ING FOP A LOAD IN THIS RUN:

FOP YOUR TOTAL MAES OF 5 BRICKS . THE ACCELERATION
WAS: 12 CM,:EC :EC. C1 H= .0e3

HOW H ANY BRICKS APE YOU USING FOR A LOAD IN THIS RUN?
?9
FOR YOUR TOTAL MASS OF 10 :BRICKS' THE ACCELERATION.
WAS: 6 CMsSEC/SEC. C1sA= .166 3

IF YOU'D LIKE TO MAKE ANOTHER RUN TYPE "RUN'; IF YOU'D LIKE ME TO
GRAPH A VERSUS M TYPE.':PLOT".
?7

YOU DIDN'T TYPE 'PLOT' OR 'RUN'. AGAIN' WHICH SHOULD WE DO?
?RUN

HOW MANY BRICKS ARE YOU USING FOP A LOAD XN THIS PUN?
?7
FOR "YOUR TOTAL .MASS OF 8 TRICKS, THE ACCELERATION
was: .7.5 CM/SEC/SEC. C1/A= .133 .

3

IF YOU'D LIKE TO .MAKF ANOTHER PUN TYPE "PUN"; IF YOU'D LIKE ME TO
GRAPH A VERSUS M TYPE 'PLOT'..
?PLOT.

A 24 +

+
po + X

L 16 +- X
E(CM/SEr/PC)+

12 + X
A

8
+

4

0 + + + + + + + + + + + + + + + + + + + + + ++
') 1 2 3 4 5 A 7 '3 9 10 11

TOTAL MA.7:3 (BRICKS>

STUDY THE GRAPH CAPEFULLY. CAN YOU OBSERVE ANY REGULARITIES?
?YES

WHAT KIND OF RELATIONSHIP .EXtSTS BETWEEN ACCELERATION AND MASS (DIRECT'.
OR INVERI'E)?
?INVERSE

RIGHT!. A':;.THE: CciFT'S MASS.GFTS 1. IW1,EP THE fiC17FLERATION,:;ETE:

SHALLEC, 1.11.1y.:.p THE 1HPLOF0.7E.TIF:11.0:;H:7filiTiTH:E.
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OUR NFTTOKII:sTLI FIND AN ALGEDIC EXPE=H. FOP THE
PELATF.:N7:HIP BETNEN WCULFROTION AHD mi.T1.-3. 'ZJUDY Cf: OUR
(.2.;-;..H D.1,:r,F1-7:Thrir IT mIGHT D A 171- POYEY I PELAIION-
:Aim' THor I: CCFL. DIFfi:CTLY pr-TrOPT1LIN:,4( TO 1/I1AS'
M P.1 1T+7.. Dri..L7CTLY PO.';'F.CprirL TO I/nr.CELFPAT1ON. TO CHECK
OUT THI:: N'EDICTION 1 WILL ALL] r A HEY 1:27.'WN OF I/A VERW
NAL: FCP EACH CF ouPTIALulANG THE 111111.1AF. COLLECTED.

THE NE41GFAPH:..

.24 +

. ,,U +

...16 X
X

isn 12

+

0 , +
+

+ + + + + + + + + + + + + + + + + + +
0 1 E. 4 5 7 3 9 10 11

TOTAL

ofln.! V5RY INTErE:JIU.3.
DUES. NAVE THE R.ELATIONHIP r(41::;-E OBVILIU DO YOO :EE WW1T

I NEA,v.

THE LIN7:for.'GoPH INDICATS A DIRPCT RELATIOW;HIP EETWEEN THE TWO
WE''VE PLOTTED.

WITE 1:04 FOUHTION Tn FIT THI'7:: GRA=,H. -DO NOT BOTH TO CALCIJLATE
ILL2E; IN I

r, PEPfl7::::ENT THE :1-.:.LOPE IATH THE CONTANT...
BEGIN TH,.1,..-ECiUr,ITION: -1/A=

RIGHT!.THERE DIPECT PELATION.7:HIP M,:TIP:TEN 1/A AND
K COULD Fr COUPLE LE REPLACED BY THE NUHERICAL VALUE FOE? THE

IT:. THE LINE.

HE FE I A Pwr:LrZM PEr'! YOU .TO. TRY U'rfIN!5 YOUR AND. THE
rAHULATFD ( PriC'K UFUWND;,14 PIA:ICED ON 01.2

UNLff-iiIEDcAT. YOU H PUN 1.IITH IT APPLYING THri
yOUDID IN THEOTH RUN:S. MY AW1LYSIS OF TH:7 TApE INDI-

CATE: riN ACCELEFFJIIH OF 15.01:N/EC/':FC'...10HAT IS THE TOTAL
1.1,21 OF ROIX AtirCAT (TO THE HEr7iPET IOTH EiTICK)7
:TA

TH tVi:: .1":1F FO: CF-!PT

11P.i.TT UF PO': ALONE

Prr,:iHrlD .'!.CH CAN I:E. U.7:FD:TO I11--FINE THE

RPT

Hi. EV- .r;i1
..

rnm, MAILABLE
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TO SUMMAPI7P. ('IF (:AN :EE FROM THP GRAPHS OF DI: DATA THAT
THE ACCELLATIM OF OBJECT IS.INVEPIELY PPOPTIONAL TO
ITS Ir.:PTIFiL WW7111 A COI-LIT-NT FDPCE IS APPLIED' AND
THE EOUAT1ON Yclu WREITE FOR THE RELATIONfilIF I3:

NOW TRY THIS PPDILEN:
A CA HAf A MAXImUm 1:11m:ELPRAlION OF 8 M'--::EC/SEC. IF THEC:=6;: TOME:
AHOTHER 11;7 IDENTICiL MAE:S AHD. DFSIGN. WHAT WILL BETHE.MAYIMUM
ACCEL. IN r1/:.EC/EC?

GOOD ! HOW HERE--.E: ANDIP FFOFLEN
'MASS A ACCELEPATE Al 80FT/:S1-.7C/SEC ANDMAIf P ACCELERATES AT
20 FTsizECsa-C WHEN IY:ENTICAL,Fnc'ES ARE APP LIED
YHAT IS ,THE PATIO:
?4,1

HO. THE PREMLEH FOP THE PATIO OF MA. IsT R/mWS P. THIS I.
EOUIVALEHT TO ACCEL.B/ACCEL.A DUE TO THE INVERE PELATIONSHIP.

TRY THE OUETIO1
WHATIS.THE RATIO: mitt:1; A/MPISS 117
1)1/4

CORRECT!

ynu HA..'E ND ,:i COMPLETED THIS SIMULATFP EXPERIMENT. PFPHAPS ynu WILL DE
ABLE TO PURSUE. THE INVETIG91 ION FURTHER ATHrmE. ON IN YOUR LAB.

AFTER YOU'VE SIGEDnizi: THE TERMINAL Pal OUT 5J-:vE=.17iL. EXTRA INCHES :OF
PAPER. ON IT LIST Tft::: alUr;!CES GP FXRERINTAL AS YOU ENVIIACN
THEM AND 7:1 i7ITE THE ,4jiln. CONCtUSInIri: YL;U.Criii DRF-w FROM THE.EXPERIMM.
INCLUDE THI PH:ER IN YOUR PHMCS NOTE1."JOK.

A. :DOH AE: YOUK=IVE THE OPPORTUNITY VIEW THE NEXT FILM LOOP 'FORCE
MOTION IV fiN1.1 PUN ..

TO :SIGH OFF THE TERMIW1L TYPE .'BYE' AND PRESS THE PETUPN KEY.

DOHE

.
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FOP (ED

HI ! IN IHIS FINAL. RROIWAN.OF TH .EPIE: WE WILL .DISCUS !MAT
W E''VE LEARNED 01:OUT FOr.'E" AND MDTIM AHD II TPODUCE A SYSTEM
OF UNIT:: IN CITIMOH USE..HAVE YOU. CCMPLETFD. 'FO;;:CEC? AND THEN.
STEP
HEL-LOul'E'.3

05-14-74 )2:12 PM. PORT ::17

G ET:-FOF-TED.

RUM
FOPc:ED

HI! IN TNI:7 Fir'_ RP011 OF THr..SFRII:=1z 'JILL
WE'VE LEAPWD AkilUT FOCL: AND ruTum rain INT'''JDUCE A STEN
OF UMI-fl:IN HciVE CONPLETED '1,MCEC'AND THEN..
VIEWED -FILM LiTJP "FMCE MUTIONIV"?

IN THE FIR.1 IJ!E GE:SUWTD THAT A CONSTANT FCRCE
mu-25z: R le cu, .-.:12 4T F.CCELM'ITIIIN. IN THE
2ND E,TEPIN:''IT HE OPIV;-.:D THA r 1.-SC:7;_TION WAS' DIF.:ECTLY
PROr;.TTOI TO THE tr--.A. FMCE. IN THE 3RD Pij NT 1.!E

ODSFRVED WHAT KIND OF RELATION:HIP 1::ETWEEN ACCELEPHTION AND

INVERSE,

coREcT! WE NAY WRITE THIS LAST STATEMENT AS.:

I) M IS DIRFCTLY PFEIPU-jir4L TO. 1/A OR
2) A DIPECTLY PROROTIIMAL TO I/M

FROM THE RE':WLTS OF EXPIrZN.T. 2 .WE CAN WRITE:
3) A IS.DIECTLY PREWPTICtOL TO F

S rATEENTS (2) (3) ('AN FE CO!"11;TNED AND WPITTEN
A I 3 DIRECTLY PRCPanTOHL TO F' 11

AN EOUIVOLENI
MA IS DIPECTLY Fr.'Tif.VL TO F
OR: F IS DUCTLY Fr:T.ITTENL TO MA

Ill EI)UATIO;4 FMN:
ii

BEST COPY AVAILABLE
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I'VE JU&T TYPED A LOT OF INFORMATION HERE. READ IT CAREFULLY AND TYPE
'Gil 'HEH YOU WHIT ME TO CONTINUE .

?GO

IN THE EOUATION K IS A CONSTANT OF PROPORTIONALITY AND ITS
NUMERICAL VALUEDEPENDS UPON THE UNITS USED TO MEASURE EOPCE,
MASS' P.N-11 ACCELEATICH. IT MOULD HAVE A SPECIFIC VALUE IF WE . .

CONTIN0'17D TO MEASURE FIT::.CE IN "TAN'S? AND MA'S IN
THE UNITS ME V:IED 1+RENED TO Et CONVENIENT FOR US LOT
THEY APE- tinT IN COi':?:ON USE IN THE WORLD. THE 1-:4-UATION. OFTEN .'
REFER ED TO AS NEWTON'S 2ND LAW IS PERHAPS THE masT FUNDA
MENIAL EITOJATION IN CLASSICAL MECHANICS, AND THE UNIT OF FORCE .

COW:CNLY USED IS DEFINED' SO THAT K IN THE EOUATION =

IN SCIENTIFIC WORK A VERY corInH UNIT OF MASS IN USE TODAY
I& THE K/LOGF.AM <KG). THE BASIC UNIT OF FORCE WILL CAUSE A
MASS OF 1 KILLIC..RAN TO ACCELERATE AT 1M/SEC/C. THIS UNIT OF

. FORCE IS CALLED THENEMTON (N). IN OTHER WORD::: A FORCE [IF 1N..

WILL CAUSE A MASS OF 1KG TO ACCELEATE 1M./.":C/SEC. USING THESE.
UNITS 11+7 EOUATION IS. WRITTEN:

F=MA

1N=1KG M/SEC/SEC

TRY. THE FOLLOWING PROPLEM USING THE MKS (METERWILOGFWIF
SECOND) SYSTEM.OF UNITS. A 600KG SPACESHIP IS 1,70PE1 LE1' FY
A ROCKET .ENGINE. ITS ACCELEROTiON IS 2M/SEC/'SEC.
WHAT IS THE NET FORCE ( IN NEWTONS) ACTING OH TNESPACESHIP?
?1200

CORRECT! NOM HUE'S H SLIGHT VARIATION OF THE 'SAME PROPLEM:
AN :3WG ASTRUT IN EOUILILRIUM OUT&IDE HIS SPACESHIP RECEIVES A
41111 FOFRDM A PROPULSION JET ATTACHED Ti] HIM.
WHAT FXEL. (IN M/SEC/SEC) DOES HE EXPERIEWAT.?.
?-5

RIGHT! IT IS IMPORTANT TO POINT OUT AS I. DID IN EXP.. 2 THAT F
REPRESENTS THEVECTOR SUM OF ALL FORCES-ACTING.ON THE OPJECT.

TRY THIS PRO::.LE!1 AGAINWHICH INVOLVES NEGATIVE ACCELE:.ATION:
KG CA?. IS 17.'AVELLING AT ASPEED OF 30M /SEC MHEN THE 1..7,ES;.
ARE Ar'PLIED...THE CAR. STOPS IN 15 SEC. IF WE. ASSUME A CDN
STANT ACCELE.-:ATION WHAT WAS THE FORCE (IN H) APPLIED BY THE
BRAI:ES'7
.74000

GOOD! THE NEGRTIV-7 IRAKING FORCE PODUCED.A HL=GATIVE ACCEL.
IF THE VFCT:727. :OH OF THT ON .A DEJECT 0, THEN THE
OB)ECT UHDE:TGO.0
VCLOCITY WILL WIT r4h'i(tT f L n P17,0:tfE:1 OH THF :7UPJECT:
TO PIEH MY 'LTOW.:' Ficpn-:.; MY KITCHN FLUf.t.11 n COdSTT.
PEED UF I MUSI n7,PLY A...FA:?CE O

1,111111 I. THE F7-1CTION:iL ACTII: ON THE s:TUVF IN H?
?27,0

A 2 0 0 0



29

:UT-T! NOW. TRY THIf PPOTA_EM: AFORCE.OF 12N GIVE MAS E

ON rL 2M/fEC,:CC AND 11HfE N CCEL. OF ft
',HAT Is: THE ACCELT (IN WEEC/SEr) WHEN THE TWO HIE FASTENED
TOr.;ETHEP AND THE 5.YINE FORCE IS APPLIED?
?1.5

GUM!

THE LAET FEW QUE:TIONf DEAL WITH THE GPArJH PRINTED rELOw
WHICH *:HOW'f, THE VELOCITY OF A 10KG OBJECT ALONG H STRAIGHT
PATH.

10+

E 3+ X X X
X

O lc+ X./C (Mrs;EC) + A
4X X

T + X
2+ X

0+ + + + + + ++++++++ + + +++ +
O 2 4 6 0 10 12 14 16 18 20

TIME (SEC)

IN THE hEN1 3 QUESTIONS TYPE IN THE LETTER OF THE BEST
REZFONfE:

THE NET FORCE ACTING ON THE OBJECT WAS 0 AT: <A) A EE,-; IBN
4:EC; ICI 10:EC; (TI) 13:EC; (E) 163EC; (F) NONE OF THE A1OVE
7C

CORRECT!.

2. THE NET FORCE ACTING ON THE OBJECT MS: GREATETT AT:
,AN 0 :EC; (E) 4 EEC; (C) 10 1::EC; ID) 13 EEC; (E) 16 SEC;
.F) NONE OF THE ABOVE.
711

3. THE NET FORCE.WASCONSTANT LETWEEN:(A) 6-9SEC; <D)9-1EC;
(C) C11-155EC;<D) 15718SEC; (E) NONE OF THE ABOVE

.

IttCOPPECT. THE FIPCE.IS CON7ANT WERE THE ACCEL. If CONUHNT.
FEME1DE9 THAT THE A' :CL. AT ANY FOINTHF::: .THE ary.:F. OF THil V VERSUS. T
J_41-.AH. FIND THE LrT:Tlyp Tit a INTERVCI. IWUHICH..VELUCITY AT A
CORSTANT RATE AND TYPE IN THE CORRECT itN.7-ER

. .

COPUCT1.

. .
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4. WHAT WAS THE ACCEL. OF THE OBJECT (IN M/SEC,SEC) AT 6 !EC?
7.5
FINE!

5. DETERMINE THE NET FORCE (IN NN AT 6 SEC. (OBJECT HAS MASS OF 10kG)
6r!

WRONG. F=MA. MULTIPLY THE MA!Se10KGN BY THE ACCEL. CALCULATED IN THE
LAST FROILEN. CHECK YOUR CALCULATIONS AND TYPE IN THE COPFECT ANSWER.

VERY NICE.

YOU LL NOTICE ON THE GRAPH THAT THI3 CONSTANT FORCE OF 5N WAS APPLIED
FROM 0:EC THPOUGH 8 SEC. NOM, THE FINAL PROBLEM:
6. DETERMINE THE FORCE (IN ) ACTING AT 13 :EC.
?20

OK! IT'S A GOOD IDEA TO WRITE THIS FORCE AS 20N SINCE
THE FORCE IS OPPOSITE THE DIRECTION IN WHICH THE OPJECT IS
MOVING.

THE IDEAS WE'VE BEENDISCUSSING IN THESE FOUR PROGRAMS APE
FUNDAMENTAL IN CLASSICAL MECHANICS. OUR .UNDERSTANDING OF THEM
HAS BEEN GREATLY ENHANC'ED BY THE BRILLIANT INSIGHTS PROVIDED
BY GALILEO, NEWTON. AND THEIR SUCCESSORS. THE STORY OF THE WORK
OF THESE EARLY SCIENTISTS IS FASCINI7iTING :READING.
THESE IDEAS PF--!UVIDE A STARTING POINT .FIF;'. FURTHER STUDY IN
MECHANICS. VERY SOON, FOR EXAMPLE, YOU WILL STUDY FALLING

WHEN A EDDY FALLS THE FORCE CAUSING IT TO ACCELERATE
IS ITS WEIGHT...

IT HAS BEEN VERY NICE WORKING WITH YOU IN THESE PAST FOUR
EXFERIMMTS.-PUHAF'S WE'LL MEET AGAIN IF SOMEONE MILL WRITE..
MOPE FROGAMS...?

BEFORE WE PART. YOU'LL HAVE TO TYPE IN THE EOUATION FEPRE
:ENTING NENTON'S END LAM wHICH WE DEVELOPED IN THIS r;06PAM.
BSGIN THE EOUATION: F= AND DO NOT INCLUDE_ H MULTIPLICATION SIGN.
F.=t1A

AUF WIEDERSEHEN

TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PPEfS THE RETURN KEY.

DG/|E
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GENERAL OBJECTIVES

General instructional objectives of the Force and

Motion unit are:

A. to provide the student with a detailed under-

standing of Newton's Second Law;

B. to help the student develop graphical skills

and an ability to interpret graphed data;

C. to help the student develop inquiry skills;

D. (for Group I students only) to familiarize the

student with the computer.

BEHAVIORAL OBJECTIVES

The instructional objectives may be stated in more

specific behavioral form. Prior to beginning the Force

and Motion unit the student should have studied certain

prerequisite concepts and skills for which the unit does

provide reinforcement and a limited amount of assistance

in the event of conceptual difficulty. When the student

has mastered the entry concepts and skills he will be able

to:

1. determine the acceleration of an object given

data describing its change in velocity;

2, describe the velocity and acceleration of an object

when no net force is applied (Newton's First Law);
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3. determine the slope and intercept values when

given a.linear graph;

4. write an equation to fit the data when given a

linear graph.

At the completion of the Force and Motion unit the

student should have mastered additional concepts and process

skills such that he should be able to:

5. determine the acceleration given the force applied

to an object;

6. determine the force acting on an object given its

acceleration (in Newtons or in arbitrary force units);

7. determine the mass of an object given the force

applied and the resulting acceleration;

8. determine the applied forces given data describing

the velocity of an object at various times;

9. describe the effects of forces on an inertial mass;

10. descritle the effects of a constant force on the

motion of an object;

11. determine the frictional force from a graph'of

force versus acceleration for an object;

12. describe the effects of friction on the acceleration

of an object when a force is applied;

13. determine where velocity, acceleration, and force

are maximum, constant, and minimum respectively given a

velocity versus time graph;
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14. fit an equation to a first order inverse re-

lationship;

15. plot the velocity of an object as a function of

time given a ticker tape pulled by the object through a

timer;

16. describe the effects of experimental error on

the variables under investigation.
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FORCE & MOTION

Computer SiMulation

Message to Students

These four computer programs which you are about to use simulate
experiments in force and motion. They will help you understand sove
basic ideas in physics. If you have never used a computer terminal
before, don't panic, for it is much less intelligent than you are. It

can, however, do some things faster than you can as you will see.
You don't have to know any special computer language to use these
programs; it will help though, if you know how to use the English
language!!

Typed below are some special instructions which will enable you to
use the physics programs which are available in the computer.

1. Turn on Power (Power ON)
2. Dial and listen for
3. Place phone in coupler
4. At Keyboard type: NEL

RETURN Key. (If all is well

tYpe: READY
5. Type:, GET FORCEA,
6. Type: RUN

high pitch tone

; then press
the computer will .

then press RETURN Key

From here on all other instructions will be typed out for you by
the computer. Read the messages carefully. Whenever a question mark
appears on the left-hand side of the paper and the teletypewriter stops
printing, you must type in a response and then press the RETURN key. The
computer is looking for short responses in answer to its questions like:
DIRECT, or 27, or CONSTANT.

Here are three notes of procedure:
1. To represent. the number one (1) you must use the key labeled

with the numeral I which is located at the left of the top line on the
keyboard.

2. To represent the quantity zero, you must use the key labeled 0'
located at the right of numeral 9 on top line of keyboard..
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3. When making your responses, do not type in any
extra spaces. (The computer has not been programmed to
recognize them in these simulations.)

If you make an error in typing which you wish to
correct before vou press the RETURN key, one method you
may use to correct your answer is: Hit the ESC (ESCAPE)
key which is located in the ucper left corner the key-
board and then retype the correct answer.

To terminate: Type BYE then press RETURN key.
Then Push Power ON switch and light will go off.

Make appropriate entry in LUNET LOG (time is
exnressed in minutes on data sheet such as: "006
minutes of terminal time"

The four Force and Motion programs are named:
FORCEA; FURCEB; FORCEC; FORCED.
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FORCE 6 MOTION

Computer Simulations

To: Physics Teachers

SUBJECT: Instructions regarding students whose programs have
been terminated due to poor understanding of a concept.

A non threatening attitude should exist such that students whose
programs have been terminated due to poor understanding of a concept
readily come for consultation with their teachers. After discussing the
concept thoroughly with the student, the teacher may recommend one
of the following three options:

1. The student should rerun the entire program from the
beginning in order to gain additional experience.

2. The student should proceed with the next program in the
series If the teacher feels that the student understands
the concept well and would not profit frcm rerunning the program.

The student should begin again, in the middle of the program
which was terminated, and complete the remaining part of the
_program.

The following table indicates line numbers at which students can
restart their programs. The Instructions to be typed into the computer
after signing on are, e.g.

GET7F0i:CEA
RIM-910

Program Starting Point RUN

FORCEA Problem at the end of the program 910

FORCER Problems at the end of the program 1260

FORCEC Problems at t170 end of, the program 1270

FORCED 80 kg astronaut problem 460

Braking car problem 580

Kitchen stove problem 700

2 masses fastened together 800

Graph problems 880.
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Evaluation Instruments

The instruments used in data collection for this unit include a

criterion-referenced pretest, a criterion-referenced posttest, and a

student attitude survey. A description of the evaluation instrument

follows:

Pretest. This examination is a forty item, multiple choice response,

criterion-referenced test which measures cognitive skills. Test items

were adapted from several sources. The largest number of items were

adapted from a set of tests developed by Harvard Project Physics.3

Other items were written by the author, and some were constructed from

problems in the PSSC text. 4 In a study conducted by the author, the KR21

reliability estimate was .85. The test may be administered to assess the

entry behaviors of the students participating in the unit.

Posttest. This final examination is an alternate form of the Pretest.

Numerical values in the items and the names of objects described in the

test have been changed from those in the Pretest; also the item sequence

is changed. items on the test measure the attainment of the behavioral

objectives specified in the objectives section of this report.

reliability estimate is .78. The test measures the student's

growth attained through the unit when his score is contrasted

on the Pretest.

The KR
20

cognitive

with that

3 Harvard Project Physics. Tests, Unit I New York: Holt, Rinehart,
and Winston, Inc., 1968.

4 Physical Science Study Committee, 22. cit., p. 332-334.
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Student Attitude Survey. This survey was designed to assess the

student's attitudes toward the method of presentation of the unit. The

majority of items in the survey were adapted from items on an instrument

developed to measure student attitudes toward Computer Assisted Instruction

by Bobby R. Brown.5

5 Bobby R. Brown. "Student Attitude Toward Computer-Assisted Instruction."
Computer-Assisted Instruction Center, Florida State University,
Tallahassee, Florida.
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FORCE & MOTION

TEST

DIRECTIONS: This is a 3!) minute test. Do not open this test booklet until
you arc asked to do so.

When yoU do write on the answer sheet, be sure to use only an
ordinary 10. pencil. No ink or ball point pans may 7-,r1 used.

Turn your answer sheet so that the blue striped area is on your
right. In the upper left corner, write in the name of the school and your
instructor on the appropriate lines. On the line labelled CITY write in the
date.

In the upper right corner you will see a group of columns labelled
"Print your name in the boxes provided...". Print your last name, your first
name, and your middle initial in the boxes provided. if there are extra boxes,
leave them blank.

In the lower right section of the answer sheet, print your GRADE,
BIRTH DATE, and SEX in the columns provided.

Go down the column under each of the boxes in which you have
entered a letter and blacken the space that contains the letter.

Make sure that all marks on the answer sheet are black and heavy
and completely fill the answer spaces. Do not place any marks on the test

booklet.

Answer all questions in the test by marking the letter on the
answer sheet corresponding to the one best answer.

DO NOT OPEN THIS TEXT BOOKLET UNTIL YOU ARE ASKED TO DO SO.
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1. An experiment yielded the data given in the table and graph below.

t_ksec) d 04)
4/

0 0
2 8 C")
4 16

C.)

1 -1 1 46 24

t (src;

If these data are expressed as an equation, d=kt, the value of k is

A. 2 m/sec
B. 2 sec/m
C. 4 m/sec
D. 4 sec/m
E. 0.5 m/sec

2. Which of the following increases with time if a car moves with uniform
velocity?

A. direction
B. displacement
C. acceleration
D. applied force
E. average velocity

Questions 3-7 refer to the graph at the right.

3. The speed is greatest at the time
corresponding to point
A. a D. e

B. c E. k
C. d

>-- 1
IT

44

1

.1-1 d
I 1 1

4. The magnitude of the acceleration 0 a 4

1

is greatest in the time interval -.2
.1)

t 1 I 1

1

A. a to c D. g to i lb 1 c
I

1 I l i

.

t I

B. c to e E. itok .--j

C. e to g

The applied force was 0 in the time interval

A. a to c
B. c to e
C. e to g

D. g to i
E. itok

k

6. The magnitude of the applied force is greatest in the time interval

A. a to c
B. c to e
C. e to g

D. g to i
E. itok

s. The applied force reaches its maximum negative value in the time interval

A. a to c
B. c to e
C. e to g

D. g to i
E. i to k

41
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8. A car has a maximum acceleratkon of 4 m/sec2. If it tows a second car
having the same mass and design, the maximu acceleration will be
A.' 0 m/sec2
B. 2 misec2
C. 4 m/sec2

D. 6 m/sec-
E. 8 m/sec2

9. A cart, initially at rest, is pulled with a constant, unbalanced force.
Which graph best represents how the speed of the cart changes with time?

vl

a
w
a.

-o

a.

cu
or

0.

77

V) Cl)

W
W

1

13
W
W
Ea.

-o

Time Time Time Time
A B C I)

10. The equation of the line for the graph at the right is

A.
IZ

B . P = KR

C. P = .K

It
2

D. P = Kirir

E. P - KR2

p

Q.
V)

Time
E

1/R

11. A man pushes a puck on a frictionless horizontal sul;face with a force of
20 newtons. The resulting acceleration is 8.0 m/sec-. What is the mass
of the puck?

A. 0.4 kg
B. 2.5 kg
C. 4.0 kg
D. 10 kg
E. 40 kg

12. A car is slowed by a braking force that it comes to rest in 20 sec. If

the car travels at the same speed and the braking force is doubled,

A. the acceleration will be for times the previous value.
B. the change in velocitywill be doubled.
C. the car will come to rest in 10 seconds.
D. the car will come to rest in 40 seconds.
E. the car will come to rest in half the distance.

13. To push my desk across the floor at a constant speed of 2m/sec, I must
apply a force of 200 newtons. The force of friction acting on the desk is

A. 0 newtons
B. 100 newtons
C. 200 newtons

D. 400 newtons
E. Impossible to determine from the information given

14. Which of the following graphs shows the effects of a constant force?

A

C

C

C

1.

Tittle

A
C

C

C

1.

Time

A
C

C

1.

Time
C

A
C

C

e

1.

Time
D

A
C

C

1.

Time
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15. An astronaut in space giVes a sudden push to a box that sends it away from
him. Consider the following statements (assume friction is negligible).

1. The force exerted on the box by the astronaut is equal in magnitude
to the force exterted on the astronaut by the box.

2. During the push the acceleration of the astronaut is equal in
magnitude to the acceleration of the box.

3. The astronaut will accelerate for the same length of time as the box.

Which of 'the statements is true if the astronaut and the box have the same
mass?

A. 1 only
B. 2 only
C. 3 only

D. 2 and 3 only
E. 1, 2, and 3

16. For the graph shown on the right, indicate the action
you would take in order to work toward finding the
relationship?

-A. Square the P variable and graph Q vs. 1'2
B. Take square root of P variable and graph Q vs VT'
C. No addilonnal graph is needed.
D. Take inverse of P variable and graph Q vs. 1/P
E. Take square root of Q variable and graph VQ vs. P

17. Measurements made on a ball rolling down a hill of unknown shape provided
the following data:

Q

Time
Instantaneous

Speed

0 sec 0 m/sec
1 6

2 12
3 18
4 20
5 22'

6 24
Which of the following diagrams represents the shape of the hill?

1 \ A

E

T

18.

The graph most nearly describing
from the beginning of interval 2

V/
///

Time Timn

.3

the motion on the ticker tape above
is:

Tim^

V
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19. The acceleration of an object may be doubled by

A. doubling its mass
B. doubling its velocity

C. doubling its weight

D. doubling the net force acting upon it
E. none of the above

20. A railroad passenger car is at rest in a railway station. A boy sitting in
the car flips a dime into the air; the dine hits the floor. Later, when the
car is moving at a high constant speed, he flips the dime again in exactly
the same way. Where does the dime hit the floor?

A. At the same spot on the floor as before
B. Ahead of where it hit before
C. Behind where it hit before
D. Impossible to determine from the information given

Questions 21 - 24 refer to the graph at the right. 6

In each of several trials, a cart was pulled with
a different number of equally-stretched, identical 4

rubber bands. A constant acceleration was A
observed in each trial.

SeC
7) 2

21. From the graph and your knowledge of the
system, determine the number of bands of 3

frictional force in the system.

A. 0
-2

B. 1

C. 2

D. 3

E. Impossible to determine from the information given.

F

22. From your knowledge of the system and from the graph, predict the acceleration
of the cart when a force of two bands is applied.

A. 2 m/sec/sec
B. -2 m/sec/sec
C. 1 m/sec/sec
D. -1 m/sec/sec
E. 0 m/sec/sec

23. If we change the surface on which the cart is pulled which of the
following characteristics of the graph will probably-change?

A. Slope and F-intercept
B. F-intercept only
C. Slope only
D. Neither the slope nor the F-intercept will chage
E. None of the above

24. An extrapolation of the graph produces an intercept on the force axis which
is not 0. What does this indicate?

A. The mass of the cart was neglected
B. There was a deviation from Newton's Laws
C. There was another force acting in the directionof motion
D. There was another force acting opposite the direction of motion

E. None of the above
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25. A 1000 kg car is travelling at 40 m/sec when the brakes are applied. If

the car stops in 10 sec, the average force applied to stop the car is

A. 1000 newtons
B. 25 newtons

C. 250 newtons

D. 400,000 newtons

E. none of the above

26. All except one of the following require the application of a net force.
Which one is the exception?

A. to maintain an object in uniform circular motion.
B. to change an object from a state of rest to a state of motion
C. to change an object's speed without changing its direction of motion.
D. to change an object's direction of motion without changing its speed
E. to maintain an object in motion at a constant velocity

27. A book is sitting at rest on a table. Which of the following
statements best describes this situation?

A. There are no forces acting on the book.
B. The book is at rest in any coordinate system.
C. The book excerts no force on the table.
D. There are many forces acting on the book, but they balance each other.

E. None of the above.

28. When the force applied to an object is constant; the object's acceleration
and mass are

A. directly proportional
B. equal
C. unrelated
D. 0

E. inversely proportional

29. When the net force acting on a cart equals 0, the cart

A. mu.; tt be at rest

B. may be in motion
C. may be speeding up
D. may be slowing down
E. none of the above

30. A plane having a mass of 10,000 kg. is launched from a catapult in 2.0 sec
by a force of 400,000 newtons. Its average acceleration during launch was

A. 40 cm /sect

B. 1/40 m/see2
C. 400 m/sec2
D. 1/400 m/sec2
E. 40 m/sec2

31. Given the velocity vs. time data at the right, select the force v t
vs. time graph below that best illustrates that motion. 2: i

A f B
F

C

t
L----1

l-,-- --- 4
# t 6, ?

/-t E -----

8 2

12 3

16 4

18 5

20 6

20 7

20 8
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32. The diagram at the right shows a cable car supported by an overhead cable
and pulled uphill by a second cable. Which of the following forces is 0
when the cable car moves with constant velocity?

RiA'n I

ukb4.:

(4/A

33.

a

A. force of gravity on the car and carriage
B. force exerted by supporting cables
C. net unbalanced force on the car and carriage
D. frictional force on the wheels of the carriage
E. force exerted by the cable that pulls the car upward

Given the graph at the left
one at the right which most
the variables on the graphs

34. 1/-

in each of the next three questions, pick the
nearly describes the same phenomena. Examine
carefully.

A

F

A

C r

E

D

ti

a
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The graph at the right shows the relationship between
the time and the total distance traversed by a glider
moving on a nearly frictionless air track. Points P2

P4, and P6 represent the experimental measurements.

The dotted curve is a smooth curve drawn through these
points. Questions 36 and 37 refer to this graph.

The slope of the curve at t
6
represents the

36. A. total distance traversed
B. rate of change of speed
C. instantaneous speed
D. acceleration
E. average speed

/el
,2y

.C)
.1 .1-
re-.1 3tt t.f; r e e/

72;11,z 091C (cc c)

37. If the values of the total distance traversed at times t., t6, and t
8

arc

arranged in order of uncertainty with the most uncertain value of distance
first, the order is:

A.
t5

t

B. t
8

t
5

t
6

C. t
5

t
8

t
6

D. t
6

t
5

t
8

E. t
6

t
8

t
5

38. A player kicks a .5 kg ball so that it acquires a speed of 20 m/sec in

.4 sec. What was the average force applied to the ball during the kick?

A. 4 newtons
B. 2..5 newtons

C. 25 newtons
D. 100 newtons
E. 10 newtons

39. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a hole in the bottom of the
cart. Which graph most nearly describes the motion of the cart?

a 6L 6L

A

40. Car A has a mass
given the same
over the force applied to car 8?

of 400 kg; car B has a mass of 1200 kg. If both cars are
acceleration, what is the ratio of the force applied to car A

A. 3

B. 1

C. .33

D. .67

E. 0
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FORCE & MOTION

TEST

DIRECTIONS: This is a 30 minute test. Please do not open the test booklet
until you are asked to do so.

0

When you do write on the answer sheet, be sure to use only an
ordinary 112 pencil. No ink or ball point pens may be used.

Turn your answer sheet so that the blue striped area is on your
right. In the upper right corner you will see a group of columns. labelled "Print
your name in the boxes provided ...". Print your last name, your first name,
and your middle initial in the boxes provided. If there are extra boxes, leave
them blank.

Go down the column under each of the boxes in which you have
entered a letter and blacken the space that contains the letter. Do this
for your last name, your first name, and your middle initial.

Make sure that all marks on the answer sheet are black and heavy
and completely fill the answer spaces. Do not place any, marks on the test
booklet.

Answer all questions in the test by marking the letter on the
answer sheet corresponding to the one best answer.

PLEASE DO NOT OPEN THIS TEST BOOKLET UNTIL YOU ARE ASKED TO DO SO.
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1. When the, net ..force acting on a car equals 0, the car
A. must be at rest
B. may be in motion
C. may be speeding up
D. may he slowing down
E. none of the above

2. This test paper is sitting at rest on your desk. Which of the following
statements best describes this situation?
A.> There are no forces acting on your paper.
B. Your paper is at rest in any coordinate system.
C. Your paper exerts no forte on the desk.
D. There are many forces acting on your paper, but they balance each other.
E. None of the above.

3. All except one of the following require the application of a net force. Which
one is the exception?
A. to change an object from a state of rest to a state of motion
B. to maintain an object in motion at a constant.. velocity

C. to change an object's speed without changing its direction ofmotion
D. to maintain an object in uniform circular motion.
E. to change an object's direction of motion without changing its speed

4. The diagram at the right shows a cable car supported by an overhead cable and
pulled uphill by a second cable. Which of the following forces is 0 when the
cable car moves With constant velocity? Pu 11,,
A. net unbalanced force on the car and carriage

,B. frictional force on the wheels of the carriage .1)apiwprl.4
C. force of gravity on the car and carriage
D. force exerted by supporting cables
E. force exerted by the cable that pulls the car upward

5. A subway car is at rest in a subway station. A boy sitting in the car flips
a dime into the air; the dime hits the floor. Later, when the car is moving
over a straight, level section of track at a high constant speed, he flips
the dime again in exactly the same way. Where does the dime hit. the floor?
A. at the same spot on the floor as before
B. ahead of where it hit before
C. behindwhere it hit before
D. impossible to determine from the information given
E. none of the above

6.
I;

The graphimost nearly describing the motion shown on the ticker tape aboVe
from the beginning of interval 2

t ;erns:'

C
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7. When the force applied to an object is constant, the object's acceleration
and mass are
A. directly proportional
B. equal
C. inversely proportional
D. unrelated
E. 0

8. The acceleration of an object may be tripled by
A. tripling its mass
B. tripling its velocity
C. tripling its weight
D. tripling the net force acting upon it
E. none of the above

9. Which of the following increases with time if an object moves with uniform
velocity?
A. applied force
B. average velocity
C. acceleration
D. direction
E. displacement

10. Measurements made on a ball rolling down a hill of unknown shape provided
the following data

Time
0 sec
1

2

3

4

5

6

Which of the following

Instantaneous
Speed

0 miTec
6

12
18

20

22

24

diagrams represents the shape of the hill?

11. Which of the fallowing

r1(4/.!

A

-. -

graphs

A

C.

shows the effects of a constant force?

,

C
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12. A car initially.at rest, is pulled with a constant, unbalanced force.
Which graph best represents how the speed of the cart changes with time?

r
C

U

13. Given the velocity vs. time data at the right,, select the
vs. time graph below that best illustrates that motion.

e

t
0

E

force

4 1

8 2

12 3

16 4

18 5

20 6

20 7

20 8

14. An experiment yielded the data given in the table and graph below.

t csec)_
0

2

4

6

4(!:11
0

4

8

12

,1
in

t7
r,

(m),,

A

0

6
1

4

If these data are expressed as an equation, 41-1 :t, the value of k is
A.. 1 m/sec k
B. 1 sec/m .....

4..

C. 2 m/sec
D. 2 secim

`a q

E. 0.5 m/sec u ..)

1--..ei

The graph at the right shows the relationship between
the time and the total distance traversed by a glider ."
moving on a nearly frictionless air track. Points P2,

P
4'

and P
6
represent the experimental measurements. .0),

The dotted curve is a smooth curve drawn through these
points. Questions 15 and 16. refer to this graph.

t, tx 1.., f
,, 2.

. tof,Ifii,,,,st.3 -7;",(... '.,''

15. If the values of the total distance traversed at: times t , t , and t are
5 6 8

arranged -in order of uncertainty with the most uncertain value of distance
first, the order is
A. t

5
t
6

t
8

B. t t t
6 .. 8 5

C. t5t8 t
5 8 6

D. t6 t5 to

'



16. The slope of the curve at t4 represents the

A. total distance traversed

B. instantaneous speed

C. acceleration
D. rate of change of speed

E. average speed

Given the graph at the left in each of the next three questions, pick the one

at the right which most nearly descirbes the same phenomena. Examine the

variables on the graphs carefully.

17.

-t

18.

19.

a

13

E
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Questions 20 - 24, refer to the graph at the right.

20. The magnitude of the acceleration
is greatest in the time interval
A. a to c
B. c to e
C. e to g

D. g to i
E. i to k

:1

21. The speed is greatest at the time correspondiing to point
A. c D. i

B. g E. k

C. It

22. The magnitude of the supplied force is greatest in the time .interval
A. a to c D. g to i
B. c to e E. i to k
C. e to g

23. The applied force was 0 in the time interval
A. a to c D. g to i
B. c to c E. i to k
C. e to g

24. The applied force reached its maximum negative value in the time interval
A. a to c D. -g to i
B. c to e E. i to k
C. e to g

25. To push my desk across the floor at a constant speed of 2 m/sec; I must
apply a force of 150 newtons. The force of friction acting on the desk
is

A. 0 newtons D. 300 newtons
B. 75 newtons D. Impossible to determine from the information given
C. 150 newtons

26. An-ice skater gives a sudden push to a sled that sends it sliding away from
him. Consider the following. statements (assume friction is negligible).

1. The force exerted on the sled by the skater is equal in magnitude to
the force exerted on the skater by the sled.

2. During the push the acceleration of the skater is equal in magnitude
to the acceleration of the sled.

3. The skater will accelerate for the same length of time as the sled.

Which of the statements is true if the skater and the sled have the same
mass?
A. 1 only
B. 2 only
C. 3 only
D. 2 and 3 only
E. 1, 2, and 3
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27. A car is slowed by a braking force so that it comes to rest in 10 sec. If

the car travels at the same speed and the braking force is doubled,
A. The acceleration will be four times the previous value.
B. The change in velocity will be doubled.
C. The car will come to rest in 5 seconds.
D. The car will come to rest in 20 seconds.
E. The car will come to rest in half the distance.

28. A low-friction cart is filled with sand and a constant force is applied.
As the cart moves, the sand falls out through a hole in the bottom of the
cart. Which graph most nearly describes the motion of the cart?

a

B C

Questions 29 - 32 refer to the graph at the right.
In each of several trials, a cart was pulled with
a different number of equally-stretched, identical wl:

(
rubber bands. A constant acceleration was observed c

in each trial.

29. An extrapolation of the graph produces an
intercept: on the force axis which was not 0.
What does this indicate?
A. The mass of the cart was neglected.
B. There was a deviation from Newton's laws.
C. There was another force acting in the direction of motion.
D. There was another force acting opposite the direction of motion.
E. None of the above.

0 E

3 y

f

30. From the graph and your knowledge of the system, predict the acceleration
of the cant when a force of one band is applied.
A. 2 m/secisec
B. -2 m/sec/sec
C. 1 m/sec/sec
D. -1 m/sec/sec
E. 0 m/sec/sec

31. If we change the surface on which the cart is pulled which of the
following characteristics of the graph will probably change?
A. slope and Fintercept
B. F-intercept only
C. slope
D. Neither the slope nor the F-intercept will change
E. none of the above

32. From the graph and your knowledge of the sy tem, determine the number
of bands of frictional force in the system.
A. 0

B. 1

C. 2

D. 3

E. impossible to determine from the information given
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33. The equation of the line for the graph at the right is

A. Q =
P

B. Q = IT

.C. Q =

D. Q =

E. Q = KP2

34. For the graph shown on the right, indicate the action
you would take in order to work toward finding the
relationship.
A. take inverse of x variable and graph Y vs. 1/K
B. take square root of x variable and graph Y vs. 11'i

C. no additional graph needed
D. square the x variable and graph y vs. X2
E. take square root of y variable and graph V? vs. X

35. A 2000 kg car is traveling at 50 m/sec when the brakes are applied. If

the car stops in 10 sec. the average force applied to stop the car is
A. 8000 newtons D. 800,000 newtons
B. 300 newtons E. none of the above
C. 5 newtons

36. A man pushes a puck on a frictionless horizontal surface with a force of
10 newtons. The resulting acceleration is 4.0 m/sec2. What is the mass
of the puck?
A. 0.4 kg
B. 2.5 kg
C. 4.0 kg
D. 10 kg
E. 40 kg

37. Car A has a mass pf 500 kg; car B has a mass of 1500 kg. If both cars arc
given the same acceleration what is the ratio of the force applied to car A
over the force applied to car B?
A. 3 D. .67

B. 1 E. 0

C. .33

38. A plane having a mass of 10;000 kg is launched from a catapult in 2.0 sec
by a force of 300,000 newtons. Its average acceleration during launch was

A. 30.cm/sec
2

B. 1/30 m/sec2
C. 300 m/sec2
D. 1/300 m/sec2
E. 30 m/sec2
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39. A car has a maximum acceleration of 5 m/sec2 . If it tows a second car
having the same mass and design, the maximum acceleration will be
A. 0 m/sec2
B. 2.5 rn /sec2

C. 5 m/scc2
D. 7.5 m/sec2
E. 10 m/sec2

40. A player kicks a .5 kg ball so that it acquires a speed of 10 m/sec in
.2 sec. What was the average force applied to the ball during the kick?
A. 4 newtons
B. 2.5 newtons
C. 25 newtons
D. 100 newtons
E. 10 newtons
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FORCE & MOTION

Attitude Survey

DIRECTIONS: This is not a test of information; therefore, there is no
one "righC answer to a question. We are interested in your opinion on
each of the questions in this survey. Your opinions will be held strictly
confidential. Do not hesitate to state exactly how you feel about each
item. We arc seeking information for an evaluation of the Force and Motion
unit; please be "frank", and thank you for your help.

Please respond to each statement in the survey by marking your answer
sheet according to the following code:

1. Strongly disagree
2. Disagree

3. Uncertain
4. Agree

5. Strongly agree

When you write on the. answer sheet, be sure to use only an ordinary 412
pencil. No ink or ball point pens may be used.

Turn the answer sheet so that the blue striped area is on your right.
In the upper left corner, write in the name of the school. On the line
labelled CITY write in the date.

In the upper right corner you will see a group of columns labelled "Print
your name in the boxes provided...". Print your last name, your first
name, and your middle initial in the boxes provided. If there arc extra
boxes leave them blank. Co down the columns under each of the boxes in
which you'have entered a letter and blacken the space that contains the
letter.



RESPONSES: 1. STRONGLY DISAGREE
2. DISAGREE
3. UNCERTAIN
4. AGREE
5. STRONGLY AGREE

1. I felt I could work at my own pace in the Force & Motion unit.

2. The unit made learning too mechanical.

3. I found it difficult to concentrate on the unit because of the method of
presentation.

4. The method of presentation of the unit made me feel tense.

5. While working in the unit, I felt isolated.

6. Responses to my answers were helpful and appropriate.

7. The Force & Notion unit was an efficient use of a student's time.

8. I could have learned more if I hadn't felt pushed.

9. Even interesting material will be boring, if it is presented as the Force &
Notion unit was.

10. I am not in favor of this kind of instruction because it depersonalizes
education.

11. After studying the Force & Notion unit, I was interested in finding out more
about the subject matter.

12. The method of instruction was too inflexible.

13. While working in the unit I felt as if someone were engaged in conversation
with me.

14. The Force & Notion unit made it possible for me to learn quickly.

15. I was not concerned when I missed a question because no one was watching me.

16. While working in the unit I felt as if I had a private tutor.

17. The Force & Notion unit made allowances for students with different levels of
understanding.

18. I enjoyed the method of instruction used in the unit.

19. The Force & Notion method of instruction denied me the opportunity for self
expression.

20. I prefer lectures and demonstrations to the method of instruction used in the
unit.
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21. The Force & Motion.unit helped me in understanding the role of computers.

22. The flexibility of scheduling the unit caused me to be too casual about getting
on the computer system, and 1 let things go for too long before I tried to run
the programs.

23. During the unit I was more involved in running the computer than in understandii
the material.

24. While using the Force & Motion unit, I encountered serious mechanical mal-
functions in the computer system.

RESPONSES: 1. STRONGLY DISAGREE
2. DISAGREE
3. UNCERTAIN
4. AGREE
5. STRONGLY AGREE
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FORCE & NOTION

TEACHER REPORT

Name: School: Group:

Bef;inning date of unit (Pretest): Ending date of unit (1st Posttcst):

# of class periods in unit: Length of class period:

Approximate homework time per class period/student:

Date of 2nd Posttest:

Texts used by physics classes in the study:

What'portion of a typical week would you normally devote to student experimentation?

(Ex. 40 min/week)

To what extent did the experimental unit take the place of yor usual coverage of
the material?

How would you rate your teaching facility (equipment, supplies, room size)?

Ex. Good Fair Poor

How many years have you taught physics?

HOW many semester hours of course work have you had in the Physical Sciences?

0-10 10-20 20 -30 30 or more

Did the work with the experimental unit make excessive demands upon your tine?

Yes No Comments:

What other area of Science teaching do you think would benefit most from the
development of a computer supplemented unit similar to Force & Notion?

Please use the reverse side 10 stateiother observations and evaluative comments.



NEWTON'S LAW: A COMPUTER-BASED SIMULATION FOR INTRODUCTORY PHYSICS

EVALUATION OF CLASSRNM USE

technical report 1

63



614

Students learned the concepts using the two simulation modes described

in this Report, and they participated intone of the following three in-

\1/4.structional groups:

Group I (Experimental). These students interacted only with the film

loops developed in the study and with computer interactive dialogs in

which the computer played the role of the student's lab partner. The dia-

logs simulated physical experiments in force and motion, graphed the

unique data collected by individual students, and provided feedback to

each student relative to his generalizations.

Group It (Experimental). These students did not have access to

computer terminals and interacted with the film loops and with simulated

data and problem sheets and their teachers. The simulated data and

problem sheets were prepared from the computer lessons after the computer

lessons had undergone initial revision.

Group III (Control). These students studied the same concepts as

did students in the experimental groups interacting with their teachers

and with real laboratory materials as a normal part of their physics

course. (The particular units were built largely around laboratory

exercises III-1 and 111-2 and supporting text materials of the Physical

Science Study Committee.)

METHOD

Subjects

Subjects ih the study were physics students in five public high

'schools in Massachusetts and Connecticut. These students were in

classes which met the following criteria:
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1. The Physics teacher was regarded as highly competent by

colleagues in science education;

2. The teacher was interested in having his classes participate

in the study and was able to coordinate necessary arrangements;

3. Group I classes were in schools having access to the computer

system which was to be used in the study;

4. Group III classes used PSSC laboratory materials with teachers

who had used the particular materials in previous years and

who regarded the particular PSSC laboratory exercises as very

important and effective learning modules;

5. The student groups had similar academic and socio-economic

environments.

Procedure

Students participating in the study were selected from physics

classes which were as similar as possible. All students within a particular

class were members of the'same group and were not aware of the activities

of any of the other experimental or control groups.

Teachers in all groups brought their students through specified

preliminary activities and then administered Pretests just prior to

having their 'students begin the experimental unit. Immediately upon

concluding unit activities, Posttests were administered to all students.

The experimental unit was conducted in all classes within the first

three months of the school year (0eptember - December 1970), and

activities during this period were carefully controlled and recorded.

Following the first Posttest (Posttest #1) the classes participating

in the study proceeded independently through various materials which

were not experimentally controlled or recorded by the researcher.
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In June of 1971, a second Posttest (Posttest #2) was administered

to all students .participating in the study. This second Posttest was

identical to the one which had been taken by the students at the con-

clusion of the experimental unit. It was used to assess retention in

the various experimental and control groups when scores were contrasted

with those on the first Posttest. The Student Attitude Survey was

also administered at this time to student's in Groups 1 and II to

assess their attitudes toward the experimental unit in the context of

the entire physics course.

RESULTS

1. Which of the three instructional treatments produced best

student performance?

Before the instructional groups were compared with each

other, a t test was used to study the change in conceptual

understanding from Pretest to Posttest #1 for each instruc-

tional group. Test data for each of the three instructional

groups displayed in Table I indicated that student knowledge

of physical concepts as measured by the tests was signifi-

cantly higher at the conclusion of the unit than it was at

the beginning.

To obtain a. gross comparison of the effects of the instruc-

tional treatments, an analysis of variance (ANOVA) was conducted

on the Pretest-Posttest #1 difference scores for the three groups.

The analysis showed (Table II-A) that there were significant dif-

ferences between the instructional groups; students in Group I had

made the greatest gains followed by students in Groups II and III

in that order.
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TABLE I

PRETEST - POSTTEST #1 COMPARISON
WITHIN EACH INSTRUCTIONAL GROUP

Group i Group II Group 111

Pre Post #1 Pre Post #1 Pre Post #1

30 39 23 34 36 37

Q3 19 28 17.5 26 22.5 26

rod 17 25 15 22 18

13 22 13 18 15.5 20

L 9 12 5 10 10 14

17.21 25.21 15.72 21.68 19.21 23.75

SD 4.49 5.37 3.85 5.01. 5.27 5.05

N 57 57 57 57 57 57

t 13.27 11.95 9.45

t.01 (56d0 = 2.67
.001

(56df) = 3.48

TABLE II-A

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY THE THREE INSTRUCTIONAL GROUPS

Source of Sum of Mean
Variation df Squares Square F

Between groups

Within groups

Total

2

168

170

344.88

2677.86

3022.74

1/2.4h

15.94

10.82

F
.01

(2df,168df) = 4.73 F.001 (2df,168df) = 7.2
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En order to further isolate the effects of instructional

treatment upon concept learning, Tables II-B, C, and D display

secondary analyses of variance comparing pairs of instructional

treatment groups. Although secondary analyses must be inter-

preted with special care since a more rigorous basis than usual

is required for rejection of the null hypothesis, these second-

ary analyses do show that differences between all pairs of

groups were significant.

TABLE II -B

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS 1. AND III

Source of Sum of Mean
Variation df Squares Square

Between groups 1 340.43 340043
Within groups 112 1898.14 16.95

Total 113 2238.57

F

20.09

F.01
(ldf,112df) = 6.87

F,001
(ldf,112df) = 11.4

TABLE II -C

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS I AND II

Source of
Variation

Between groups

Within groups

Total

Sum of
Squares

122.114

1939.72

2061.86

Mean
Square

122.14

17.32

F

7.05

F.01
(ldf,112df) = 6.87

.001
(ldf,112df) = 11.4
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TABLE II -D

ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY GROUPS II AND III

Source of
Variation

Between groups

Within groups

Total

df

1

112

113

Sum of
Squares

54.75

1517.86

1572.61

Mean
Square

54.75

13.55

F

4.04

F
.05

(ldf,112df) = 3.93 F
.01

(ldf,112df) = 6.87

2. Which of the three instructional treatments produced greatest

efficiency of learning (gain in achievement per unit time)?

Table III displays a list of the mean time which students in

the three instructional groups spent in unit activities, exclusive

of time used for testing. Students in Group I spent a minimum

of one hour and forty minutes at the computer terminals. No

homework was done as part of the unit by students in this group.

Group II classes spent six forty-minute periods on unit activ-

ities in class and approximately forty-five minutes were spent

by each student in activities which were completed outside of

class. Group III classes spent between nine and eleven fifty-

minute periods in the unit and completed approximately twenty

to thirty minutes of homework outside of class for each of these

periods. In other words, Group III students spent approximately

two full weeks in physics class on unit activities exclusive of

test time.
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TABLE Ill

TIME IN INGTHUCTIONAL ACTIVITIES

Group
Mean Time
in Unit

(minutes)

Group time Group time

Group I time Group III time

I 90 1.0 0.12

II 285 3.2 0.38

III 745 8.3 1.0

The two columns at the right side of Table III compare mean

completion time for each instructional group with the mean com-

pletion time for Group I and Group III respectively. For example,

on the average, Group III students worked in unit activities

8.3 times as long as students in Group I. Had concept learning

been equivalent in all groups, then Groups I and II would have

been 8.3 and 3.2 times more efficient respectively than Group III

(control). However, concept learning was not equivalent. Infor-

mation has already been presented indicating that Group 1 students

achieved significantly higher gains during the instructional unit

than did. students in Group III. This means that the efficiency

of learning in Group I was substantially greater than 8.3 to 1

when compared with learning in Group III. (Group II students

fell between those in Groups I and in both achievement and

. in time spent in instructional activities.)

3. What were the. effects of the three instructional treatments

upon retention?
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The mean scores on Posttests #1 and #2 and the respective

standard deviations for each instructional group are displayed

in Table IV. It should be noted that Table IV includes only

the scores of those students presented in Table I who also

took Posttest #2. (Since Posttest #2 was administered late in

the school year, some students in the study were not available

to take that test.)

TABLE IV

POSTTEST #1 - POSTTEST #2 COMPARISON
WITHIN EACH INSTRUCTIONAL GROUP

Group Test
Number of
Students

Standard
Deviation

Mean Test
Score

1 Post #1 51 5.27 25.29 1.58
Post #2 51 5.46 24.49

Post #1 41 4.98 22.112 4.49
Post #2 41 4.62 20.20

III Post #1 54 5.06 23.57 0.65
Post #2 54 5.75 23.89

t
.05

(40-60df) = 2.0

After analyzing the data using a Related t test for paired

variables, Table IV shows that the null hypothesis was. not rejected

for Group I and Group. III, i.e., a significant loss in knowledge

during the six month period after the unit was not measured by

the tests administered to these groups. Table IV shows that

there was a significant drop in score from Posttest #1 to

Posttest #2 for the students in Group II.



Table V displays a review of Pretest and Posttest #2 scores.

The table shows that the null hypothesis was rejected for each

of the three instructional groups. Thus, the gains in concept

learning made by all instructional groups were still significant

six months after completion of the unit.

TABLE V

PRETEST - POSTTEST #2 COMPARISON
WITHIN EACH INSTRUCTIONAL GROUP

Group Test
Number of
Students

Standard
Deviation

Mean Test
Score

I Pre 51 4.24 17.41 12.55

Post .#2 51 5.h6 231.49

T1 Pre hl 3.55 16.02 9.48

Post #2 hl 4.62 20.20

III Pre 51+ 5.08 18.87 9.48
Post. H2 5h 5.75 23.89

.001
(40-60df) = 3.5

How did the input variables of initial student intelligence,

aptitude,- 1e7cl, and sex affect achievement?

effects of learner characteristics upon con7

ZCTt learninj, under 'the 'three instructional treatments, two way

analyses or variance were run with Pretest - Posttest #1 dif7

Terence scores for individual. students an the dependent variable.

r7o 71 summarizes the results of the analyses for six independent

,1rilbles representing learner characteristics.



73

TABLE VI

TWO-WAY ANOVA OF PRETEST - POSTTEST #1 DIFFERENCE SCORES
BY VARIABLE AND INSTRUCTIONAL GROUP -- SUMMARY

VARIABLE
Groups Compared

I - III 1 - II 11 - III

IQ,

VPSAT 0

VPSAT interaction
with instructional 0

method
IAPSAT 0

Pretest

Grade 0

Sex

0

C C

O 0

0

0

C 0

b = H
0

rejected at .01 level.

c = H
0

rejected at .05 level.

0 = Ho not rejected.

The table shows that IQ, VPSAT, MPSAT, and Grade did not

significantly affect the concept learniur which occurred during

the instructional unit as measured by the evaluation instruments

used in the study. Between Groups I and II and Croups IT and

III some interaction was observed between verbal aptitude and

instructional method. Group II students having high verbal

scores had substantially greater difference scores from Pretest

to Posttest #1 than did students with lower verbal aptitude,'

and this phenomenon was not apparent in Group I or in Group

III. From this data we might infer that rending ability was

a greater factor rontributinc; to achievement in Group II than

in the other two instructional groups. IL should be noted,
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however, that the Group II high verbal cell size was considerably

smaller than the corresponding cells in the other two groups.

Table VI indicates that Pretest score did significantly

affect concept learning when Group I was compared with Group

III and when Group II was compared with Group III. With the

exception of an inversion in Group III, mean Pretest-Posttest #1

difference scores were greater when mean Pretest scores were

lower in all instructional groups. Concept learning means

from Pretest to Posttest #1 were lower for the girls than for

the boys in all instructional groups. Table VI indicates that

secondary analyses of variance showed that Sex did significantly

affect concept learning when Group I was compared with Group III

and when Group I was compared with Group II.

5. What effect did the unit have upon student attitude in the

two instructional treatment groups using simulated materials?

A mean attitude score was developed for each student from

responses on the Attitude Survey which was administered to

students in Groups I and II six months after the conclusion of

the instructional unit, and correlations between these scores and

other variables were investigated. The grand mean scores on the

survey for both groups indicated generally favorable attitudes

toward the mode of instruction; the Group I mean was slightly

higher than the Group II mean. A review of individual item means

for each group is presented in Table VII. A score of five represents

maximum favorable attitude, a score of one represents maximum

negative attitude, and a score of three represents a neutral

attitude toward the instructional unit. Responses should be
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TABLE VII

INSTRUCTIDNIIL GROUP ATTITUDE PROFILES

Item a,.id Description Item and Description

Scale Values
2 3 4

Scale Values

1. Work at own
pace

13. Conversa-
tional

2. -Not too mech-
anical

14. Learn
quickly

3. -Easy to
work

15. -Cared
4

16. Private
4. -Didn't feel

tense i - X0
tutor

17. Personal
5. -Didn't feel

isolated X 0
----attention -+

18. Enjoyed
6. Responses

helpful 4
ft?

19. -Self---f-

7. Efficient
use of time

express ion -

20. Prefer

8. -Pace not format

9. -Not boring
40 Yr- Grand Mean

10. -Did not de-
personalize

-4

11. Wanted .to
learn more X0 #

Reversed Scales
1

X Group I mean
12. -Method was

flexible 0 Group II mean
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carefully scrutinized individually, but a review indicates,

among other things, that students liked the instructional units

(Group I higher than Group II) and that they felt the units

were easy to use. Also, it is interesting to note that stu-

dents in Group II perceived the unit as making more efficient

use of their time than did students in Group I. Yet, cognitive

data in the study showed the reverse to be true.

CONCLUGIONS

Analysis of data in this study showed that student learning of

fundamental concepts in force and motion was significant in the two

experimental groups and in the control group. It also showed that

learning was significantly greater for students studying the concepts

through computer simulation dialogs than for students in the second

experimental group and in the control group. Furthermore, control

students spent C.:3 times as long in instructional unit activities.

Students in the control group spent 3.2 times as long in

instructional activities as did students in a second simulation group

which did not have:access to the computer dialogs. The achievement

of this second group. was significantly greater than that of the

control. group. This simulation group, however, had conceptual los-

ses not experienced by the control group as measured on a second

posttest administered siA months after. the completion of the

instrur.tional unit. (1;tudents using the computer simulation dialogs

showed no significant losses in conceptual understanding as measured

on the second posttest.)
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Student attitudes toward both simulated units were favorable.

The data indicated that in spite of limitations, the computer

does have extensive potential for individualizing instruction. The

design of the instructional materials produced in this study may

well provide a model for the design of other simulated experiments

which will be effective supplements to science curricula.
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113t.
FORCEA

10 PRINT ""
20 FILES LUNFI
30 DIM Ai(64),NCI4,103
40 MAT NmEER
50 1.1.0

60 PRINT 'WELCOME TO OUR SIMULATED PHYSICS LAB. THROUGH THIS SERIES OF"
70 PRINT "PROGRAMS AND FILM LOOPS WE WILL INVESTIGATE HOW'
60 PRINT 'FORCE AFFECTS THE MOTION OF AN OBJECT.'
90 PRINT "HAVE YOU WATCHED THE FILM LOOP FORCE & MOTION I?"
100 PRINT
110 PRINT USE ONLY NUMERALS AND CAPS FOR ANSWERS"
120 PRINT
130 INPUT AS
140 Zal
150 GOSUB 1350
160 READ #111
170 FOR Iml TO 13
180. READ ilIAS
190 PRINT AS
200 NEXT I

210 PRINT 'IF A ROCK IS TRAVELLING THROUGH SPACE AT 100 M/SEC AND THERE ARE NO"
220 PRINT 'FORCES ACTING ON IT, WHAT WILL BE ITS SPEED (IN M/SEC) 5 SEC. LATER?"
230 INPUT D
240 IF Dr100 THEN 1520
250 READ 01,14
2b0 FUR 1.21 TO 9
270 READ ellAZ
280 PRINT AS
290 NEXT I
300 PRINT 'TYPE BELOW THE AMOUNT OF STRETCH IN CM WHICH YOU INTEND TO APPLY DURING'
310 PRINT THE RUNS THROUGHOUT THIS EXPERIMENT."
320 INPUT B
330 IF B,.50 THEN 2570
340. IF 9>100 THEN 2600
350 PRINT YOU MAKE THE SIMULATED RUN WITH THE CART APPLYING A FORCE OF"IBI-CM,"
360 PRINT 'THEN I'LL ANALYZE THE TICKER TAPE, MAKE A DATA TABLE, AND PLOT A GRAPH"
370 PRINT "OF VELOCITY VERSUS TIME."
380 PRINT "HOW MANY BRICKS SHALL WE PLACE ON THE CART FOR A LOAD IN THIS RUN ?"
390 INPUT.0
400 IF C(l THEN 2470
410 IF C>9 THEN 2530
420 IF CLINT(C) THEN 450
430 PRINT "WE DOWT HAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A WHOLE NUMBER,"
440 GOTO 390
450 GOSUB 1030
460 PRINT 'WHAT KIND OF RELATIONSHIP EXISTS BETWEEN VELOCITY AND TIME UNDER THESE'
470 PRINT 'CONDITIONS (DIRECT OR INVERSE)?"
480 INPUT Ai
490 IF Air-DIRECT' THEN 2370
500 READ 01,23
510 FOR IAI TO II
520 READ #1;Ai
530 PRINT AS
540 NEXT I
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560 PRINT 'FROM THE GRAPH WE CAN SEE THAT THE CONSTANT FORCE GAVE OUR'
560 PRINT "CART WHAT KIND OF ACCELERATION/-
570 INPUT AS
580 PRINT
590 IF A50-CONSTANT" THEN 1700
600 LET 1..m0

610 GOLUB 1260
620 PRINT -BUT IS THE ACCELERATION ALWAYS CONSTANT UNDER THE INFLUENCE OF A"
630 PRINT -CONSTANT FORCE?"
640 PRINT "HOW WOULD THE DATA DIFFER IF WE HAD USED A DIFFERENT LOAD ?"
650 PRINT "TO FIND OUT, LET'S CHANGE THE NUMBER OF DRICHS ON THE CART AND MAKE"
660 PRINT -ANOTHER RUN APPLYING THE SANE FORCE OF-;6;- CM.-
670 PRINT "HOW MANY BRICKS SHALL WE PLACE ON THE CART FOR A LOAD IN THIS RUN?"
660 LET lAg
690 INPUT D
700 IF D41 THEN 2470
710 IF D7.9 THEN 2530
720 IF D=C THEN 2130
730 IF bnINT(D) THEN 760
740 PRINT "WE DON'T HAVE PARTIAL BRICKS IN OUR LAB. TYPE IN A WHOLE NUMBER!"
750 GOTO 690
760 LET C=D
770 MAT NxZER
780 GOSUB 1030
790 GOSUD 1260
801) PRINT "AS YOU CAN SEE OUR DATA ALSO INDICATE THAT THE MASS OF THE CART DID'
CIO PRINT 'AFFECT THE ACCELERATION.-
820 PRINT -WASTHE ACCELERATION GREATER OR SMALLER WHEN THE SMALLER MASS WAS'
830 PRINT "ACCELERATED?"
840 INPUT AS
660 IF Ai0-GREATER- THEN 1950
660 READ #1,34
670 FOR 1=1 TO 9
080 .Ri.AD 01;Ai
890 PRINT Ai
900 NEXT I

910 LET Lm0
920 PRINT "IF AN AIRPLANE'S ENGINES PRODUCE A NET FORCE WHICH IS CONSTANT AND WHICH
930 PANT 'ACCELERATES. THE PLANE FROM 0 TO 100 M/SEC IN 20 SEC, WHAT WILL BE THE"
943 PRINT "PLANE'S VELOCITY IN M/SEC AT. THE END'OF 40 SECT"
950 INPUT D
960 IF 1)0200 THEN 2020
970 PRINT -RICHT/ AGAIN, A CONSTANT FORCE CAUSES A MASS TO HAVE A CONSTANT"
980 PRINT -ACCELERATION."
990 'PRINT "BUT HOW WOULD THE ACCELERATION HAVE DIFFERED' HAD WE APPLIED A DIFFERENT'
1000 PRINT "FORCE?--THIS QUESTION WILL FORM THE BASIS FOR THE NEXT
1010 PRINT "EXPERIMENT IN THIS SERIES.'
1020 COTO 2640
1030 PRINT "I'VE GOT THE BUZZER ON; ---;AND THERE YOU GO PUSHING THE CART DOWN THE"
1040 PRINT "HALL FLEET-FOOTED-AS .A DEERtt 77'
1::0 LET Am4*B/((C+I)*5)
LA0 LET AmINT(10A)/10-
1070 PRINT "HERE IS A DATA TABLE I'VE MADE FROM THE TICKER TAPE PULLED BY THE"
1080 PRINT "CART IN THIS RUN:"
1090 PRINT
1103 PRINT "TIME (SEG) VELOCITY (CM/SEC) [LOAD u7;CC BRICKS FORCE "{BI- CM)"
1110 Fpit T1.1 TO 1 STEP .1
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1120 PRINT TA8(3);T;TAB(16)1AT
1130 LET VNAT+1
1140 IF V<13.5 THEN 1160
1/50 LET Val4
1160 LET NEV,T*10Pg1
1170 NEXT T
1180 PRINT
1190 PRINT "HERE IS A GRAPH OF THE DATA:"
1200 COSUB 2160
1210 PRINT "STUDY THE DATA AND GRAPH. CAN YOU OBSERVE ANY REGULARITIES?"
1220 INPUT Ai
1230 Z.:12

1240 GOSUB 1350
1250 RETURN
1260 rau:T "THE CONSTANT FORCE WE APPLIED IN THIS RUN DID PRODUCE A CONSTANT"
1270 PRINT -ACCELERATION."
1280 PRINT "ANALYZE THE GRAPH AND DETERMINE THE ACCELERATION IN CM/SEC/SEC."
1290 INPUT D
1300 IF (1) >m A4-.5) OR (D <" A-.S) THEN 1790
1310 PRINT "OK. OUR-CONSTANT FORCE OF"13;"CM CAUSED OUR CART TO HAVE A CONSTANT"
1320 PRINT "ACCELERATION UF-1AI- CM/SEC/SEC."
1330 PRINT
1340 RETURN .

1350 IF Ai"YES" THEN 1410
1360 IF Aim"yeg" THEN 1410
1370 IF Woo-no" THEN 1470
1330 1F Ab="NO" THEN 1470
1390 PRINT "PLEASE TYPE YES OR NO"
1400 LOTO Z OF 90,1210
1410. VITO Z OF 160,1250
1420 PRINT "GALL PROCTOR - ERROR IN LINE 1296"
1430 (')TO 2690
1440 RETURN
1450 PRINT "PLEASE TYPE IN 'YES' OR 'NO"; I'LL ASK THE QUESTION AGAIN."
1460 GOTO 90
1470 IF Z=2 THEN 1670
1469 ''HINT "TO MAKE THE SIMULATION AS REALISTIC AS POSSIBLE YOU SHOULD VIEW FILM"
1490 PRINT "LOOP FORCE A, NOTION I PRIOR TO PROCEEDING. THE FILM WILL HELP YOU
1500 PRINT 4tUNDERSTAND THE NATURE OF THE APPARATUS WE WILL USE."
1510 COTO 2690
1520 IF De0 TH414 1550
1530 PRINT "BE CAREFUL TO TYPE NUMBERS - TRY AGAIN"
1540 COTO 230
1550 LET Ln,L+1
1550 IF L^2 THEN 1630
1570 READ 01p43
1580 FOR Iml TO 6
1590 READ 0.1tAi
1600 PRINT Ai
1610 NEXT I
1620 (:)TO 210
1630 rmur "NO; APPARENTLY YOU NEED TO REVIEW THE PROPERTY OF INERTIA (NEWTON'S 1ST"
1640 PRINT "LAW) BEFORE CONTINUING. CONSULT YOUR TEACHER OR YOUR TEXT AS SOON AS
1650 PRINT "POSSIBLE."
1660 COTO 2690
1670 PRINT "LOOK AT THE GRAPH AGAIN. THE PLOTTED POINTS SHOW THAT AS TINE INCREASED"
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1650 PRINT THE VELOCITY INCREASED IN A RATHER SIMPLE MANNER."
1690 GOTO 1250
1700 IF ASm"constant' THEN 600
1710 IF Aim-UNIFORM" THEN 600
1720 IF Aim-uniform' THEN 600
1730 READ 61,49
1740 FOR Iml TO 8
1750 READ 1;11AI
1760 PRINT AS
1770 NEXT I
1760 GOTO 550-
1790 LET LmL+1
1300 IF L >= 3 THEN 1920
1310 IF L -2 THEN 1660
1620 PRINT "SGRRY, YOUR CALCULATION IS INCORRECT. I'LL GIVE YOU ANOTHER CHANCE."
1630 PRINT "REMEMBER ACCELERATION IS THE SLOPE OF THE VELOCITY V.TLME GRAPH;"
1840 PRINT "SLOPE m RISE/RUN m CHANGE_IN V/CHANGE IN T.
1850 GOTO 1280
153tA PRINT "YOU'RE NOT MEASURING THE SLOPE PROPERLY. STUDY THE GRAPH AND CALCULATE'
1570 PRINT "A AGAIN. IT SHOULD EQUAL";A;"CM/SEC/SEC. TYPE 'GO' IF YOU SEE HOW CO G
1850 PRINT "THIS AND you WANT TO RETURN TO THE EXPERIMENT, OTHERWISE TYPE 'HELP'."
1890 INPUT AS
1900 IF Ai="GO THEN 1340
1910 IF Aim'go" THEN 1340
1920 PRINT 'YOU NEED ASSISTANCE IN MEASURING THE SLOPE OF A STRAIGHT'
1930 PRINT "LINE. SEE YOUR TEACHER FOR HELP BEFORE RETURNING TO THIS PROGRAM."
1940 GOTO-2(90
1950 IF As="LARGER' THEN 860
1960 IF A3='greater" THEN 860
1970 IF As "larger' THEN 860
1980 PRINT 7N0. LOOK AT- YOUR GRAPHS AGAIN. THE ACCELERATIONS ARE REPRESENTED BY TH
1990 PRINT "SLOPES OF THE VELOCITY V. TIME GRAPHS. THE LARGER MASS RAS THF. SMALLER
2000 PRINT 'ACCELERATION! LET'S TRY THE QUESTION AGAIN."
2010 GOTO 820
1.020 IF L 2.= 2 THEN 2100
2030 LET LmL+1
2040 PRINT 'NO. SINCE A CONSTANT NET FORCE IS PRESENT THE PLANE WILL UNDERGO A7
2050 PRINT "CONSTANT ACCELF.RATIOH. THE SAME CHANGE IN VELOCITY WILL OCCUR IN EACH"
2060 PRINT "T/ME INTERVAL.FROM THE DATA IN THE PROBLEM WE CAN SEE THAT PLANE'S'
2)70 . PRINT "VELOCITY INCREASES 6Y-611/SEC EACH SEC.WHILE THE NET FORCE IS PRESENT.
2060 PRINT 'LET'S TRY THE QUESTION AGAIN.
2090 GOTO 920
2100 PRINT "NO. THE CORRECT ANSWER IS 200M/SEC. IF YOU DON'T UNDERSTAND WHY DISCUSS
2110 PRINT "THIS WITH YOUR TEACHER AS SOON AS POSSIBLE."
2120 GOTO 990

. 2130 PRINT 'NO; DON'T USE";D; DRICKS AGAIN. WE WANT TO MAKE A RUN WITWA LOAD"
2140. PRINT THAT IS DIFFERENT FROM OUR FIRST RUN. SO, AGAIN--"
2150 GOTO 670
2160 PRINT
2170 FOR Ym12 TO 1 STEP -1
2130 READ AS
2190 PRINT AS;

..2200 IF Y/2eTNT(Y/2) THEN 2220
2210. PRINT TAB(7)1Y1
.2220 FOR xml TO 10
2230 IF N(y+1,X7 m1 THEN-2270.
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2240 NEXT X
2250 PRINT TAB(13)1.+-
2260 GOTO 2260
2270 PRINT TAB(13)I"+"/TAB-(13+X4)/"X"
2280 NEXT Y
2290 PRINT TAB(6);0 + + + + + + + + + + + + + + + + + + + + +'
2300 PRINT TAB(13)I-0 .1 .2 .3 ..4 .5 .6 .7 .8 .9 1.0'
2310 PRINT TAB(26)f'TIME (SEC)"
2320 PRINT "(LOAD la";Ci' BRICKS FORCE u";.4" CM)"
2330 PRINT
2340 DATA "","","V","E","L","0 (CM/SEC)","O","1-. 'T',- Y "--
2350 RESTORE
2360 RETURN
2370 IF Ai="d1rect" THEN 500
23b0 IF ASm"INVERSE" THEN 2420
2390 IF A)m"Inverse" THEN 2420
2400 PRINT "YOUR ANSWER MUST BE 'DIRECT' OR "INVERSE'. SO, AGAIN.
2410 COTO 460
.2420 PRINT "WRONG. WHEN TWO VARIABLES ARE INVERSELY RELATED ONE DECREASES AS THE
2430 PRINT "OTHZR INCREASES. LOOK AT YOUR GRAPH AGAIN. IT SHOWS THAT THE VF.LOCITY"
2440 PRINT "INCREASED WHILE TIME INCREASED. THIS MEANS THAT THE VARIABLES ARE
2450 PRINT "DIRECTLY RELATED. SO, AGAIN--
2460 GOTO 460'
2470 PRINT "IF YOUR CART HAS LESS THAN 1 BRICK. ON IT AND YOU APPLY THE FORCES"
2460 PRINT 'AVAILAHLE WITH OUR APPARATUS, THE CART WILL TAKE OFF SO FAST YOU WON'T"
2490 PRINT "BE ACLE TO APPLY A CONSTANT, FORCE. I SUGGEST A LOAD OF 1 OR MORE BRICKS:
2500 PRINT "SO, AGAIN -
2510 IF Im2 THEN 690
2520 COTO 390
2530 PRINT "1 cAN ONLY FIND NINE BRICKS IN THE LABORATORY. BESIDES, THE CART WILL
2540 PRINT "DE PRETTY HARD TO HANDLE WITH MORE THAN NINE BRICKS ON IT. SO, AGAIN--7
2560 IF 1a2 THEN 690
.2560 COTO 39.0
2570 PRINT "THE U!ISTRETCHED RUBBER LOOP IS ALMOST 50 CM LONG. WHEN WE STRETCH THE'
2560 PRINT '1,00p LESS THAN 50 CM WERE NOT APPLYING A SIGNIFICANT FORCE.S0, AGAIN -
;2590 COTO 300
2600 PRINT -WE'RE STRETCHING THE RUBBER BAND WITH A METER STICK WHICH IS"
2610 .PRINT "10000 LONG YOU CAN'T APPLY A CONSTANT FORCE ACCURATELY WITH
2620 'PRINT "THESE MATERIALS IF THE STRETCH EXCEEDS 100CM. SO, AGAIN--
2630 GOTO 300
2640 :CIAO #1,57
2t50 FUR I=I TO 14
2660 READ olfAi
2670 PRINT Ai
2683 NEXT I

2690 PRINT. 'TO SIGN OFF THE TERMINAL, TYPE "BYE' AND PRESS THE RETURN KEY"
2700 END.
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1

ONE INSTRUCTION :AFORE WE BEGIN: WHEN YOU'RE ASKED TO TYPE
2
IN NUMERICAL DATA, DO NOT TYPE THE UNITS OF THE ANSWER. FOR
3

EXAMPLE, AN ANSWER OF 10M /SEC SHOULD BE TYPED '10'.
4
EXP-MIENCE TELLS US THAT WE MUST APPLY A FOkiCE TO CAUSE

AN Oi:JECT TO MOVE. IN THIS SERIES OF SIMULATED EXPERIMENTS WE
6
SHALL INVEST/GATE PHYSICAL VARIABLES WHICH AFFECT THE MOTION
7

OF AN OBJECT. THE DATA WHICH WE WILL GENERATE WILL BE VEV
ti

SIMILAR TO THAT OBTAINED BY EXPERIMENTERS USING THE REAL
9

APPARATUS SHOWN IN THE FILM LOOP. I WILL BE YOUR LAB
10

PARTNER.

11
BEFORE WE CONTINUE, YOU SHOULD 5E FAMILIAR WITH THE
12

PROPERTY OF INERTIA WHICH WAS DESCRIBED BY GALILEO AND
13

NEWTON.
14

CORRECT? DUE. TO THE PROPERTY OF INERTIA (SOMETIMES CALLED
15

NEWTONS 1ST LAW) AN OBJECT'S VELOCITY WILL BE CONSTANT
16

UNTIL AN UNBALANCED FORCE IS APPLIED. YET, IN WHAT WAY WILL
17

AN UNBALANCED FORCE CAUSE THE VELOCITY TO CHANGE?

/5
IN THIS FIRST EXPERIMENT WE SHALL INVESTIGATE HOW AN
19

OBJECT'S VELOCITY CHANGES WHEN WE APPLY A CONSTANT FORCE.
20

WE SHALL APPLY A CONSTANT FORCE. TO THE CART BY KEEPING ONE
21

LOOP OF RUBBER STRETCHED A CONSTANT LENGTH. (WE CAN
22

STRETCH OUR LOOP TO ANY LENGTH BETWEEN 50CM AND 100CM.)

23

RIGHT! IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP
24
BETWEEN VELOCITY AND TIME IF WE: OVERLOOK THE SMALL IRREGU-
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25
LARITIES PROBABLY CAUSED BY EXPERIMENTAL ERROR -- SUCH AS
26

VARIATIONS IN THE FORCE APPLIED. THE CHANGE IN VELOCITY WAS
27
PROPORTIONAL TO THE TIME INTERVAL DURING WHICH THE FORCE
26

ACTED. WHEN WE APPLIED A CONSTANT FORCE TO THE CART THE
29
VELOCITY INCREASED AT A CONSTANT RATE.
30
FROM YOUR STUDY OF MOTION YOU WILL RECALL THAT ACCELERA-
31

TION IS THE RATE OF CHANGE OF VELOCITY. THE ACCELERATION
32

OF AN OBJECT IS THEN THE SLOPE OF ITS VELOCITY V. TIME
33
GRAPH. (CHANGE IN V/CHANGE IN T).
34

CORRECT; THE SMALLER MASS UNDERWENT A LARGER ACCELERATION.
35

APPARENTLY THERE IS SOME KIND OF INVERSE RELATIONSHIP
36
BETWEEN THE MASS OF AN OBJECT AND ITS ACCELERATION WHEN A
37

CONSTANT FORCE IS APPLIED. WE WILL FURTHER INVESTIGATE THIS
36

RELATIONSHIP IN TILE THIRD EXPERIMENT IN THIS SERIES.
39
TO SUMMARIZE: WE CAN SEE FROM THE GRAPHS OF OUR DATA THAT
40
WHEN A CONSTANT FORCE WAS APPLIED TO A CART WITH A PARTI-
41
CULAR MASS THE ACCELERATION WAS CONSTANT.
42

NOW, LETS TRY ONE LAST PROBLEM.
43

NO YOUR ANSWER IS INCORRECT. BY THE PROPERTY OF INERTIA WE
44

MEAN THAT AN UNBALANCED FORCE IS NECESSARY TO CHANGE THE
45
VELOCITY OF AN OBJECT. IN THIS PROBLEM WE WERE TOLD THAT NO
40

FORCES WERE ACTING, AND HENCE, NO CHANGE IN VELOCITY WILL
47

OCCUR. APPARENTLY EVEN FRICTION IS NEGLIGIBLE IN THIS
46

PROBLEM. I'LL ASK THE QUESTION ONE MORE TIME.
49

INCORRECT. THIS GRAPH OF VELOCITY VS. TIME CAN BE REPRESENTED
50

BY A STRAIGHT LINE. THE SLOPE OF A STRAIGHT LINE IS THE SAME
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51
AT ALL POINTS ON THE LINE. AN OBJECT'S ACCELERATION IS ITS
52
CHANGE IN VELOCITY PER UNIT TIME; IT IS THE SLOPE OF THE
53
VELOCITY V. TIME GRAPH. THEREFORE THE CONSTANT FORCE HAS
54
CAUSED A CONSTANT ACCELERATION. IF YOU HAVE DIFFICULTY
55

UNDERSTANDING THESE IDEAS, DO TALK THEM OVER WITH YOUR
56
TEACHER AS SOON AS POSSIBLE. LET'S TRY THE QUESTION AGAIN--
57

SINCE YOU HAVE BEEN STUDYING FORCE AND MOTION USING A SIMU-
58
LATED EXPERIMENT, YOU HAVE NOT HAD TO COPE WITH THE MANY
59
SOURCES OF EXPERIMENTAL ERROR PRESENT IN THE ACTUAL
60

APPARATUS. IF YOU WERE TO DO THE REAL EXPERIMENT YOU WOULD
61
HAVE TO REDUCE SUCH ERROR BEFORE THE GENERALIZATIONS WE'VE
62
SEEN COULD BE OBSERVED. PERHAPS YOU WILL BE ABLE TO PURSUE
63
THE INVESTIGATION FURTHER AT HUME OR IN YOUR LAB.
64
AFTER YOU'VE SIGNED OFF THE TERMINAL ROLL OUT SEVERAL
65
EXTRA INCHES OF PAPER. ON THIS PAPER LIST THE SOURCES OF
66
EXPERIMENTAL ERROR AS YOU ENVISION THEM AND STATE THE
67
MAJOR CONCLUSIONS YOU CAN DRAW FROM THE EXPERIMENT.
68
INCLUDE THIS PAPER IN YOUR PHYSICS NOTEBOOK. AS SOON AS
69
YOU HAVE THE OPPORTUNITY. VIEW THE NEXT FILM LOOP 'FORCE
70

MOTION II' AND THEN RUN 'FORCER'.
71

72

73

74
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11st
FORCES

10 FILES LUNF2
20 DiM Al(65].N[11,10].0[11.103
30 PRINT "WELCOME AGAIN TO OUR SIMULATED PHYSICS LAS. IN THIS SECOND'
40 PRINT 'EXPERIMENT OF THE SERIES WE WILL INVESTIGATE HOW FORCES AFFECT'
50 PRINT THE ACCELERATION OF AN OBJECT. HAVE YOU COMPLETED FORCEA
60 PRINT 'WATCHED THE FILM LOOP 'FORCE & MOTION II'?'
70 INPUT As
80 IF A5n'YES' THEN 90
82 IF Ailryes' THEN 2760
90 LET L *0
95 MAT N=ZER
95 MAT OnZER
100 PRINT 'IN OUR LAST EXPERIMENT WE OBSERVED THAT A CONSTANT FORCE GAVE OUR CART'
110 PRINT 'WHAT KIND OF ACCELERATION?"
120 INPUT Al
130 IF ASIA"CONSTANT' THEN 150
132 IF Aim-constant' THEN 150
134 IF AL='un1form' THEN 150
140 IF A7.0'UNIFORM' THEN 2800
150 PRINT 'RIGHTI NOW TO STUDY HOW ACCELERATION VARIES WHEN THE APPLIED FORCE IS'
160 PRINT 'CHANGED WE'LL HOLD ALL OTHER VARIABLES (SUCH AS MASS) CONSTANT.'



170 PRINT 'HOW MANY BRICKS SHALL
180 INPUT C
190 IF C<2 THEN 2660
200 IF C*10 THEN 2720
210 LET Mm/C+1)*5
220 LET Fm2.5
230 IF C>9 THEN 310
240 LET F-2
250 IF C*7 THEN 310
260 LET Fm1.5
270 IF C*5 THEN 310
280 LET Fl
290 IF C*3 THEN 310
300 LET F.5
310 READ #1,1
320 FOR 11 TO 7
330 READ IIIAS
340 PRINT AS
350 NEXT I

360 FOR L*11 TO
370 PRINT 'HOW
380 INPUT B
390 IF BmINT(B) THEN 420
400 PRINT WE DON'T HAVE
410 GOTO 380
420 IF B<0 THEN 1470
430 IF B:10 THEN 1500
440 LET A1-240.03.-F)/M
450 LET AlmINT(10*A1+.5)//
460 LET A2m240*B/M
470 LET A2mINT(1041-A2+.5)/1
480 IF Al>0 THEN 500
490 LET A10
500 PRINT THE ACCELERATION
510 IF A2 >m 105 THEN 560
520 1F Al 'm 105 THEN 560
530 IF Bm0 THEN 560
540 LET N(A1/10+10871
550 LET OfA2/10+11B11
560 IF L<5 THEN 620
570 PRINT 'IF YOU'D LIKE TO MAKE ANOTHER RUN,
580 PRINT 'TO GRAPH A VS. F, TYPE 'PLOT'.'
590 INPUT AS
595
600
605
610
620 NEXT L
630 GOSUB 2180
640 PRINT 'CAN YOU OBSERVE
650 INPUT AS
655 IF Asa-yes" THEN 670
660 IF ASP'YES' THEN 1560

11

MANY LOOPS

R8

WE PLACE ON THE CART THROUGHOUT THIS EXPERIMENT?'

ARE YOU APPLYING

ANY

0

0

PARTIAL

IN THIS

LOOPS

IN THIS RUN?'

IN OUR LAB. TYPE IN A WHOLE NUMBER.'

RUN VASCiAlr OM/SEC/SEC.'

IF Asil.plot- THEN 630
IF AS-'PLOT' THEN 630
IF As -'run' THEN 620
IF AS/ "RUN' THEN 1540

TYPE 'RUN"; IF YOU'D LIKE me'

ANY REGULARITIES IN THIS GRAPH?'
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670 PRINT 'WHAT KIND OF RELATIONSHIP EXISTS BETWEEN ACCELERATION AND FORCE
680 PRINT "(DIRECT OR INVERSE)?'
690 INPUT AS
695 IF ASEI'dlrect. THEN 710
700 IF ASO"DIRECT' THEN 2570
710 READ 01,8
720 FOR I -I TO 6
730 READ 0:IAS
740 PRINT AS
750 NEXT I
760 INPUT AS
770 LET 1.00
780 PRINT 'THERE IS FRICTION BETWEEN THE CART AND THE FLOOR WHICH OPPOSES THE
790 PRINT 'FORCE WE APPLY. STUDY THE GRAPH 1< DETERMINE THE FORCE OF'
800 PRINT 'FRICTION(IN LOOPS).-
810 INPUT D
820 IF Dt(F...5) THEN 1620
830 IF D1.(F+.5) THEN 1620
840 READ #1,15
850 FOR I -I TO 5
860 READ 011AS
870 PRINT AS
880 NEXT I

890 INPUT AS
895 IF ASz'lett' THEN 1750
900 IF ASz'LEFT' THEN 1750
905 IF Abu-right' THEN 920
910 IF ASO"RIGHT' THEN 1810
920 READ 01,20
930 FOR I-1 TO 4
940 READ 011AS
950 PRINT AS
960 NEXT I

970 LET L-0
980 PRINT 'TYPE IN THE POINT WHERE YOU THINK THE NEW PLOT WILL INTERSECT THE
990 PRINT 'FORCE AXIS.'
1000 INPUT D
1010 IF Do0 THEN 1830
1020 PRINT 'RIGHT! HERE'S THE NEW GRAPH:"
1030 HAT Nmg0
1.040 GOsUB 2180
1050 PRINT 'AGAIN, WE SEE A LINEAR RELATIONSHIP BETWEEN FORCE AND ACCELE.."
1060 PRINT 'RATION. NOTE THAT THOUGH THE INTERCEPT WITH THE FORCE AXIS'
1070 PRINT 'HAS BEEN MOVED, THE SLOPE OF THE GRAPH HAS NOT CHANGED.
1080 PRINT 'FRICTIONAL FORCE DOES NOT APPEAR TO AFFECT THE SLOPE OF THE
109 0 PRINT 'ACCEL. VS. FORCE GRAPH.'
1100 LET Lz0
1110 PRINT 'WRITE AN EQUATION TO FIT THIS GRAPH. USE 'A' TO REPRESENT ACCELERATION'
1120 PRINT 'AND 'F' TO REPRESENT FORCE. USE 'K' TO REPRESENT THE SLOPE (DON'T'
1130 PRINT 'BOTKER TO CALCULATE IT). BEGIN THE EQUATION: Az ..."
1140 INPUT Ai
1145 IF Aion"akf' THEN 1160
1150 IF ASO'AEIKF' THEN 2400
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1160 PRINT "RIGHTt--BUT WHAT FACTORS WILL CAUSE THE SLOPE TO CHANGE? WE'VE'
1170 PRINT -OBSERVED THAT FRICTION HAS NO EFFECT. WHAT OTHER VARIABLE"
1180 PRINT -MIGHT CAUSE THE SLOPE TO CHANGE?"
1193 INPUT AS
1195 IF Asa-mass- THEN 1210
1200 IF Air"mASS" THEN
1210 READ /1,24
1220 FOR Ial TO 10
1230 READ #1 ;AS
1240 PRINT AS
1250 NEXT I
1260 LET La0
1270 PRINT "A SPACESHIP IS ACCELERATING IN SPACE AT 10M/SEC/SEC DUE TO THE FORCE-
1260 PRINT -PROVIDED DY ONE ROCKET ENGINE. SUDDENLY 2 MORE IDENTICAL ROCKETS ARE
1290 PRINT "IGNITED PROVIDING THRUST IN THE SAME DIRECTION AS THE FIRST. WHAT"
1300 PRINT -ACCELERATION IN H /SEC /SEC DOES THE SHIP NOW EXPERIENCE?"
1310 INPUT D
1320 IF D/30 THEN 1950
1300 PRINT "GOODI HERE'S ANOTHER PROBLEM FOR YOU TO TRY1"
1340 PRINT 'IN 10 SEC AN OBJECT ACCELERATES FROM REST TO A SPEED OF 300CM/SEC"
1350 PRINT 'WHEN ACTED UPON HY A NET FORCE(F). AT THE END OF THE IOSEC"
1360 PRINT "INTERVAL F BECOMES ONE-THIRD ITS ORIGINAL STRENGTH."
1370 PRINT "WHAT IS THE SPEED OF THE OBJECT AT THE END OF THE FIRST 20 SEC IN'
1380 PRINT "CM/SEW
1390 INPUT D
1400 IF 01400 THEN 2060
1410 READ #1,34
1420 FOR Ile! TO 11
1430 READ #1;AS
1440 PRINT AS
1450 NEXT I
1460 COTO 2860
1470 PRINT "A NEGATIVE NUMBER OF LOOPS?? WE CAN ONLY APPLY POSITIVE"
1480 PRINT "FORCE WITH OUR APPARATUS. SO, AGAIN --'
1490 GOTO 370
1500 PRINT 'WITH MORE THAN 10 LOOPS STRETCHED 60CM THE C/RT MOVES SO FASTS
1510 PRINT "YOU CAN'T APPLY A CONSTANT FORCE. DON'T USE MORE THAN 10'
1520 PRINT "LOOPS. SO, AGAIN --
1530 COTO 370
1543 PRINT "YOU DIDN'T TYPE 'PLOT' OR 'RUN'. WHICH DO YOU WANT TO DO?"
1550 GOTO 590
1560 PRINT ARE YOU LOOKING CAREFULLY AT THE DATA?"
1570 PRINT "NOTICE THAT AS FORCE INCREASES, ACCELERATION"
1511i PRINT "ALSO INCREASES.''
1610 GOTO 670
1620 IF L'I THEN 1690
1630 LET L=1.4.1

1640 PRINT -SORRY, WRONG ANSWER. THE FORCES WE HAVE PLOTTED ARE THE FORCES'
1650 PRINT WE APPLIED. FRICTION OPPOSES THE APPLIED FORCE. UNTIL THE
1660 PRINT "APPLIED FORCE ExCLEDS FRICTION THERE WILL BE NO ACCELERATION."
1670 PRINT -FIND THAT POINT 011 YOUR GRAPH. LET'S TRY THE QUESTION AGAIN."
1680 GOTO 810
1690 PRINT 'NO. THE FRICTIONAL FORCE IS";F;" LOOPS. IT IS REPRESENTED"
1700 PRINT "BY THE INTERCEPT OF THE GRAPH WITH THE FORCE AXIS. IF YOU'
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1710 PRINT "DON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON"
1720 PRINT "AS POSSIBLE. NOW, ANSWER THE QUESTION CORRECTLY. WHAT IS THE FORCE Or"
1730 PRINT 'FRICTION SHOWN Oil THE GRAPH?"
1740 GOTO 810
1 750 PRINT "THINK IT Tnnouun AGAIN. THE
1760 PRINT "MORE FRICTION, THE MORE FORCE"
1770 PRINT "REQUIRED TO CHANGE THE INTERCEPT."
1771 READ 411,17
1772 FOR Iml TO 3
1773 READ ol;AS
1774 PRINT AS
1775 NEXT I
1800 GOTO 890
1610 PRINT 'YOUR ANSWER MUST BE 'LEFT' OR 'RIGHT'. SO AGAIN --

t820 GOTO 890
1830 IF L>1 THEN 1890
'640 LET L-1.4.1

,850 PRINT "NO. PLOTTING THE RESULTANT FORCE IS EQUIVALENT TO SUBTRACTING"
1860 PRINT 'THE FRICTIONAL FORCE FROM THE APPLIED FORCE. THE GRAPH WILL
1870 PRINT 'REPRESENT A FRICTIONLESS CONDITION. TRY THE QUESTION AGAIN."
1860 GOTO 980
1690 PRINT 'NO. THE NEW GRAPH SHOULD PASS THROUGH THE ORIGIN.. IF YOU DON'T"
1900 PRINT 'UNDERSTAND DISi:USS THIS WITH YOUR TEACHER AS SOON AS
1910 PRINT "POSSIBLE. HERE'S THE NEV GRAPH."
1920 GOTO 1040
1930 PRINT "WHAT ABOUT THE MASS OF THE CART?"
1940 COTO 1210
1960 IF L>1 THEN 2010
1960 LET LEAL+1
1970 PRINT "WRONG. THE APPLIED FORCE INCREASED TO 3 TIMES ITS ORIGINAL"
1960 PRINT "VALUE. THE ACCELERATION OF THE SPACESHIP IS PROPORTIONAL TO"
1990 PRINT "THE APPLIED FORCE. TRY THE QUESTION AGAIN."
2000 GOTO 1270
2010 PRINT "SINCE THE FORCE INCREASED TO 3 TIMES ITS ORIGINAL VALUE, THE"
2C20 PRINT "ACCEL. INCREASED TO 3 TIMES ITS ORIGINAL VALUE, AND 3X10=30.-
2030 PRINT "IF YOU DON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS SOON"
2040 PRINT "AS POSSIBLE. NOW, HERE'S ANOTHER pRO5LEm.'
2350 GOTO 1340
2060 IF L>2 THEN 2140
2070 LET LeL+1
20110 PRINT "SORRY, ,WRONG ANSWER, IN THE SECOND TIME INTERVAL THE FORCE"
2090 PRINT "IS 1/3 ITS ORIGINAL VALUE 'AND HENCE THE ACCEL. IS 1/3 ITS"
2100 PRINT "ORIGINAL VALUE. IF THE OdJLCT GAINED 300CM/SEC IN THE FIRST"
2210 PRINT "10 SEC, IT WILL GAIN 1/3 THAT IN THE NEXT 10 SEC. TRY THE"
212) PRINT "QUESTION AGAIN."
2130 GOTO 1370
2140 PRINT "NO.- 1/3 OF 300 IS 100. YOU NEED FURTHER HELP IN UNDERSTANDING"
2151 PRINT "THIS CONCEPT. CONSULT YOUR TEACHER BEFORE CONTINUING THIS"
2150 PRINT 'PROGRAM."
21 70 GOTO 2d60
2110 PRINT
2190 FOR Y"I0 TO 1 STEP -I
2200 READ AS
2210 PRINT AI;
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2220 IF Y/20INT(Y/2) THEN 2270
2230 IF Y#10 THEN 2260
2240 PRINT TA8(6);" "1041YI
2250 GOTO 2270
2260 PRINT TAB(7)110.Y1
2270 FOR X=1 TO 10
2280 IF NCY+1,X1=2 THEN 2320
2290 NEXT X
2300 PRINT TAB(13);"+"
2310 GOTO 2330
2320 PRINT TAB(13);"+";TAB(13+X*4)I"X"
2330 NEXT
2340 PRINT TAB(9)I°0 + + + + + + + 4 + 4 + + + +.+ + + + 4 4"
2350 PRINT TAB(13) ;"0 1 2 3 4 5 6 7 8 9 10"
2360 PRINT TAB(291;"FORCE (LOOPS)"
2370 DATA "","","A","C","C","E(CM/SEC/SEC)","L."9-'0"..""
2380 RESTORE
2390 RETURN
2400 IF ASEI"Aml(*F" THEN 1160
24C5 IF Alimi"a*f° THEN 1160
2410 IF AS=1"A=ATK' THEN 1160
2415 IF Al="antX" THEN 1160
2420 IF Al="AnKKF" THEN 1160
2425 IF Ai=1"a=kx/. THEN 1160'
2430 IF AS="AuFX1C" THEN 1160
2435 IF ASa"a4fxk" THEN 1160
2440 IF AZ="A=F*H" THEN 1160
2445 IF Afog"a=f0t" 'MEN /160'
2450 IF L>1 THEN 2530
2460 LET L=1.4.1
2470 PEAD #1,45
24E0 FOR 12B1 TO 7
2490 READ OliAS
2500 PRINT AS
2510 NEXT 1
2520 GOTO 1110
2530 PRINT "NO. THE EQUATION IS: Alml(F. IF YOU DON'T UNDERSTAND"
2540 PRINT 'WHY DIsCINS THIS WITH YOUR TEACHER AS SOON AS POSSIBLE."
2550 PR/NT 'NOW* HERE''S THE QUESTION ONCE MORE."
2560 GOTO 1110
2570 CF AS="INVERSE" 'MEN 2600
2575 .gF ASeeInverse TIMEN 2600
2580 FRINT YOUR ANS41ii.3 MUST 8E 'DIRECT' OR 'INVERSE', SO, AGAIN --"
2590 COTO 670
2600 READ 01.24
2610 FOR Imq TO 4
2620 READ #11A3
2630 PRINT AS
2640 NEXT I
2650 GOTO 670
2660 PRINT THE EXPERIMENT MUST HAVE AT LEAST 2"
2670 PRINT "BRICKS ON THE CART.°
2680. PRINT "SO, I'LL NEED ANOTHER NUMBER."
2710 GOTO 170
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2720 PRINT 'YOU'LL FIND THAT THE CART WILL BE VERY SLOW AND HARD TO HANDLE'
2730 PRINT WITH MORE THAN 10 BRICKS ON IT. DON'T USE MORE THAN 10 BRICKS.'
2740 PRINT "SO, AGAIN --
2750 GOTO 170
2160 PRINT THIS PROGRAM IS THE SECOND IN A SERIES. SINCE THE CONCEPTS"
2770 PRINT "DEVELOPED ARE SEQUENTIAL YOU SHOULD BEGIN BY VIEWING THE FILM"
2780. PRINT "LOOP 'FORCE & MOTION I', THEN RUN FORCEA.'
2790 GOTO 2880
2300 IF LOO THEN 2863
2810 LET L=L+1
2620 PRINT "YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION IF YOU'VE'
2330 PRINT "BEEN THROUGH 'FORCEA'. I'LL GIVE YOU ONE MORE CHANCE TO'
2840 PRINT "TYPE IT PROPERLY."
2350 GOTO 100
21360 PRINT "RUN 'FORCER' BEFORE CONTINUING.'
2670 GOTO 2830
2880 PRINT "TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PRESS THE RETURN KEY'
2890 END
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WHAT FILE IS TO BE LISTED?
71Unf2
STARTING RECORD NUMBER?

71

1

AS YOU OBSERVED IN THE FILM, WE CAN VARY THE FORCE WE APPLY
2

BY USING DIFFERENT NUMBERS OF RUBBER LOOPS STRETCHED A CON -
3
STANT LENGTH; I SUGGEST 60 CM FOR ALL LOOPS IN THIS EXPERIMENT
4
YOU SPECIFY THE FORCE YOU'LL APPLY IN EACH TRIAL AND
5

MAKE THE SIMULATED RUN. THEN /"LL DETERMINE ACCELERATION
6
FROM THE TICKER TAPE AND PLOT A GRAPH OF ACCELERATION V.
7

FORCE WHEN WE HAVE ENOUGH DATA.
8

RIGHT; IN FACT, THERE APPEARS TO BE A LINEAR RELATIONSHIP
9

BETWEEN FORCE AND ACCELERATION IF WE OVERLOOK THE IRREGULARITIES
10

PROBABLY CAUSED BY EXPERIMENTAL ERROR.
it

NOTE THAT THE GRAPH DOES NOT PASS THROUGH THE ORIGIN.
12

APPARENTLY THE CART DOES NOT ACCELERATE WHEN WE APPLY A
13

SMALL POSITIVE FORCE. WHAT COULD CAUSE THIS?
14

COULD IT BE FRICTION?
15

FINE! THE FORCE OF FRICTION IS REPRESENTED BY THE INTERCEPT
16

OF THE GRAP WITH THE FORCE AXIS.
17

HAD WE USED A CART WITH GREATER FRICTION THAN IN OUR EXPERIMENT
18

WOULD THiS INTERCEPT BE TO THE RIGHT OR LEFT OF ITS
19

PRESENT LOCATION? (TYPE 'RIGHT' OR 'LEFT')
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20

CORRECT! NEXT, I'M GOING TO TAKE THE DATA WE COLLECTED AND PLOT
21
THE RESULTANT FORCE ACTING ON THE CART, INSTEAD OF THE
22
FORCE YOU APPLIED IN EACH RUN. (THE RESULTANT OR NET FORCE
23
IS THE FORCE YOU APPLIED MINUS THE FORCE OF FRICTION.)
24

AS WE OBSERVED IN THE LAST EXPERIMENT, MASS HAS AN INVERSE
25

RELATIONSHIP TO ACCELERATION WHEN A CONSTANT FORCE IS
26

APPLIED. IN THE NEXT EXPERIMENT WELL CONDUCT A QUANTITATIVE
27

STUDY OF THIS RELATIONSHIP.
28

TO SUMMARIZE, WE CAN SEE FROM OUT DATA THAT ACCELERATION IS
29
DIRECTLY PROPORTIONAL TO THE NET FORCE WHEN THE MASS REMAINS
30

CONSTANT. THE EQUATION FOR THE RELATIONSHIP IS: A=KF. I

31

SHOULD EMPHASIZE THAT F REPRESENTS THE NET OR RESULTANT
32
FORCE; IT IS THE VECTOR SUM OF ALL FORCES ACTING ON THE
33

OBjECT. NOW, TRY THIS PROBLEM:
34

CORRECT!

35

YOU HAVE NOW COMPLETED THIS SIMULATED EXPERIMENT. PERHAPS
36
YOU WILL BE ABLE TO PURSUE THE INVESTIGATION FURTHER AT
37

HOME OR IN YOUR LAS:;
38

AFTER YOU'VE SIGNED OFF THE TERMINAL, ROLL OUT SEVERAL
39
INCHES OF PAPER. ON IT LIST THE SOURCES OF EXPERIMENTAL
40
ERROR AS YOU ENVISION THEM AND STATE THE MAJOR CONCLUSIONS
41
YOU CAN DRAW FROM THE EXPERIMENT. INCLUDE THIS PAPER IN
42

YOUR PHYSICS NOTEBOOK.
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43
AS SOON AS YOU HAVE THE OPPORTUNITY VIEW THE NEXT FILM
44
LOOP 'FORCE & MOTION /II', THEN RUN 'FORCEC'.
45

WRONG. THE GRAPH CAN BE' REPRESENTED BY A STRAIGHT LINE
46

PASSING THROUGH THE ORIGIN. FROM YOUR 11:ORK IN ALGEBRA
47
YOU KNOW THE
49
IS THE SLOPE
49
USING 'A' TO
50

AND 'F' YOR THE FORCE ON THE HORIZONTAL AXIS. THE FORCE
51

INTERCEPT IS 0. TRY THE QUESTION AGAIN.

EQUATION FOR STRAIGHT LINE: YNXI-B. (M

AND B THE X-INTERCEPT.) IN THIS CASE, WERE

REPRESENT ACGELERATION ON THE VERTICAL AXIS

52

52. RECORDS IN FILE 1 unf2
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FILE:: LUNF3
DIM RIC62]'NE13FlOhOrns10)
1RT N-ZER
NAr 0-2ER
rr:. Jill "HaL0 [7:1--)1H. IN THIS THITI: 1 0:7 THE IT.:77IE*: E ;JILL 7:TUDY HnO

"CO::STAZ ACCELE;',M DirFEnT i;AS3LS. HAVE WA CW.,LETED IFORCLe"
THEN VIElyE:: FILM LeflP t.jTIi,$ III'?"

INPUT Fa
IF AS="Yr:S" THEM 110
IF AS"Ycs" THEN 2710
ppINT IN T:- F EEPINFHT OF THIS SERIES WE OLSEFVEL THAT CONSTANT"
PRINT 'FORE:: CAU:,E H 'COD TO UNDEITGO A CONSTTFICCELE;IITEl!L IN THE
PRINT -LAT E7P1r.:*DrI 1,11 CT[7,NT DE.SRVED KIND
PRINT PELATIONHIP E. ri ACCELEIIIION AND FO r'
L T L=0
INPUT AS
IF IT.7=-DIPECT" THEN 210
IF-11="DIMICT" THEM 210
IF Fr!:.=-LINEC,R" THEN 210
IF A:!:"L/NEAF," THEN 2750
FEAD :=1,1
FOP 1=1 TO 5

31 ;AT

AS
H T I

T iT "TypE 1:11LOW THE AMOUNT Cr '...TFLITCH IN CM YGU WILL APPLY DU;7!ING THE
INT "RUNS ThPDAMOUT THIS EXPERIHriNT."

IF E<50 TH!.i.N 2630.

IF r*100 THEN 2670
PEAD t1 y6
EDR .1.-=1 TO q
PECiD 1:1;n1;

Pi?INT Ai
hiZxT I

Fry:, L-1 TEl 12

INT "How NAHY UIcKS APE YOU USINc.; FOR A LOAD IN THIS RUN?"
IrrUT C
IF C<1
IF CAO THEN 21;00
LET M=:(1-.-4.1),A3

LET A=INT(40%.1?/N4.5)/10
IF W?4 MEN 450
LET tICA,..,:+1c7-1

IE 50/012 THIN 70
LET 0050/A+1,CJ=1
ppiNT -FOR yr.w ToTo_ MirISS OF";C+1;" PRICKS. TNF ACCELERATION"
H INT "W?:4S:";A;" CM/SEC/SEC. [1/17-1,-,-;IN1001)./1000;"1"

' 7 THEO ..;70
F yoU'D LIKE TO.MAKE ANOTHER PUN TYPE ''RUI-1.-; IF YOU'D LIVE ME TO"

BEST COPY AVAILABLE
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510 PPINT "GPIiPH A VEPUS Ii TYPE 'PLOT'."
5T20 INPUT Al;
530 IF AS="PLOT" THEN 530
KAO IF A..T="pnT" THEN 5..:10
c.)50 IF A4.;="RUN" THEN 570
E.0 IF ATI:"pu" THEN 1520
570 NEXT L
500 PPINT

'77)0 GMOB 2030.
600 PPINT "STUDY THE GRAPH.CAPEFULLY. CAN YOU OBSERVE ANY PEGULAPITIES?"
;:.10 INPUT
12R0 IF R"YES" THEN 640
6:30 IF A: 'c" THEN 1540

PRINT "WHAT KIND OF PELATIONSHIP EXOSTS BETWEEN ACCELERATION AND MRS'S

(DIRECT'

650 PRINT "OR INVERSE)?"
660 INPUT 9T
--,70 IF AS="INVEPSF" THEN F.90
s:.?0 IF FC)W.IPWERSnr" THEN 2450

DEAD 1115
7'60 FOR 1.7,1 TO 10

PFAD t:1 ;AT
.7.70 PRINT fri;.

7:20 NEXT I
NAT H=O
LET L=1

P030
F1:1NT '.'E INTEEUING."

roEs M"-1;:.E THE PELATIONSHIP MOPE 1)Bviou7,. pn You

PPIMT "I MEAN?"
01-_! in Frl;

LET L=0
31.) RPINT "THE LINEAP CiFF1PH INDICATE A DIRECT FE LATIOMHIP BETWEE1 THE TWO'

PIHT wE''vE PLOTTED.
PpINT t:q1 EOTICA TO FIT THIS GPRPH. DU NOT PUTHFR TI] coLcuLnrE

f-P1NT "a.1:1; PPI;C:a:NT THE a.OPE 1,!ITH THE COW,,TANT
FINf "FE6IH 1.'H= ..."
INPUT AT
IF AT"1sA=KM" THEN 1040

3.=4.1 IF A="1/=Km" THEN 1040
''00 IF ft2.:,"1/A=K.:41" THEN 1040
%)I0 IF Air-:,"1/tzi=ri" THEN 1040

IF Aly--"IsR=KXN" THEM 1040
IF FI:.-"Ist71=1.71-1" THEN 1040

ii IF HS-:"1/F4=o-e.Xm" THEN 1040
IF A".1...=" 1/F1=1" THEN 1040
IF Ri-r,"1/A=HK" THEN 1040

TIO IF /A:1.r THEN 1 04Q
IF Isr2.--1/n-w" THEN 1040
IF Ai;="1/A=M:Ae." THEN 1040
IF AS="1/F,=1-0"
IF 1:a="1./p"
IF A:;=1"1/A,zri*K"

IF AWL/Az:M-0,K"

THEN 1040
THEN 1040
THEN 1040
THN 2:J10

BEST COPY AVAILABLE
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:040 LET L=0
tlYfJJ PEAD ::1125
IV." FOP 1=1 TO 8
1. O;'11 PEAD
10;0 PPINT A$
1090 NEXT I

1100 LET E=4*B/75
1110 PPINT "NA OF POCK AND CART (TO THE NEAREST 10TH BRICK)?"
1120 LET L=0
MO INPUT D
1140 LET F=INT(114..5)
115n IF F4=INT(E+.5) THEN 1570
I1.;0 PRINT "OK; THE MA.7,:C OP ROCK AND CARI. I:3:E;" ERIC
171-1 PRINT "WNAT IS THE MASS OF THE POI-,K ALONE?"

LET L=0
1190 INPUT F
l. iI1 IF F=D-1 THEN 1220
1210 IF INT(F+.5)1tINT(E-.5) THEN 1680
1.,'20 READ ::1.:33
11:1 FOR I=1 TO A

READ "1 ;A
11) PPINI
1260 NEXT I
1;270 LET L=0
120 PRINT "NOY TRY THIS PPOPLEN:-
!290 PRINT "A CAP A riart.:um RCCELEPqrION OF 0 MsSEC/SEC. IF THE cep TOWS"

PPTNT "ntiurH criP 117IS AND WHAT WILL
Z!.0 PRINT AC:(EL III 11,-;2EC/SEC7"

INPUT D
IF .04:4 THEM 1000
1:PINT "GOOD! Ni W HEf7,/S ANOTHLP POELEm:"
RIM- fl A Of.-Cu' 1E:!;: Al C SEC/EC nu° MAS 70 ACCELERATES ar"

PP ti FT/SECEC /MEN IDENTICflL FOPCES-RE APPLIED."

0

r.;

1.1

0 PRINT "WHAT IS THE PATIO: MAS:S B?"
ii INPUT AS

17..-1-1 IF A'7..,:".2ti" THEN 14E0
1400 IF A':,."1/4" THEN 1420
J410 IF Ac4:"1:4" TNI:11 1910

PRINT "COPPECT!"
1,r3(.! PRINT' "YOU HAVE HOW COWLETED THIS SIMULATFD EXPENT. PER YD..' WILL

14-1.1.1 PRINT -AKE.TO THf:. INVET.TIGATION FU..711<=2 Iii I OR yo.IR LATE:

147,0 PRINT "AFTER YOU'VE-S16.-!ED OEF 1 TFPOINL PF:LL OUT .7FVEP!,L Ito".:HES

OF"
1.111 RPINT orl IT LIST THF OF F;;'N.;DITI-::! ENVISN7;1

HNU T1 != Ci'LCLUSIUN CAN rif7A,A FP:31

14::1) PRINT "INCLUDE TI .,' PAPER IN YOUR PHYSICS ONTET:COr."
1190 PRINI SOON AS YOU HAVE THY. OPPOPTUNITY VIt7. THE tic_T FILO LOOP 'FORCE

-

'AO PRINT -MOTION IV/ nun PUN 'FOPCED'."
GO TO

PPTHT "yOU DIDN'T TYPE 'PLOT/ OF: 'RUN'. 0151-1INI WHICH S.HOULD WI: DO'?"
GOTO t".20

c...,HJ PRINT "LOOK AT HE GPAcil AGAIN. THE PLOTTED POINT:r.:. SliC;$J THAT Alz: mns .

INCREASES"

EE MAMMIv'

BEST COPY AVAILABLf:



100

1550 PPINT "ACCELERATION DECREASES; THE PLOT FnPms A SMOOTH CURVE."
1560 GOTO 640
1570 IF L>1. THEN 1640
1520 LET L=L+1
1590 PPINT "SORRY, YOU''PE WRONG. AN EASY WAY TO DETERMINE THE TOTAL MAS I:

GO"

1600 PPINT "BACK TO THE FIRST GRAPH OF A V. M AND READ THE MASS DIRECTLY Fi
1610 PRINT "THE GRAPH FCR AN ACCELERATION OF 15.0CN/ECs.SEC. Fio.:ER 1H2

()LJESTIOT

16i-20 PPINT "AGAIN."
1630 GOTO 1130
1640 'PI NT "WRONG AGAIN. THE ANSWER IC :";E;" BRICk:S. IF YOU DON'T UNDU3T
1650 PPIHT "DISCUSS THIS WITH YOUR TEACHER i:C2, SOON AS POSSIELE. HOW WHnT I:

MASS"

1660 PRINT "OF THE ROCK ALONE?"
160 GO TO 1190
16!:=':0 IF L>1 THEN 1760
1690 LET L=L+1
1700 READ :1!5y3
1710 FOR I=1 TO 5
1720 READ '4:1;A$
1730 PPINT A$
1740 NEXT I
1750 'SOTO 1190
17f:.0 PPINT "NO. THE MASS OF THE RICK r: E-1 BRICKS. YOU NEEP AS'SISTANCE
1770 PRINT "INTERPRETING TH!:,_ GrAPO."

PRINT "CONULT YITA YOUR TEACHER EEFOPE CONTINUING THIS FPMGRAN."
1790 GOTO 22.3
:SOO IF L. TH,:iN 1850
1810 LET L=L+1
1820 PRINT "INCORRECT. PEMEMEER, ACCEL. IS INVERSELY PROPORTIUMO_ TO INII,S.

NICE"
1820 PRINT "THE MASS IS AF-ESENT IN THE 2ND ACCELERATION. AN: THE OUESTI

AGAIN."
1810 GOTO 1220
12i0 PEAL 1,50
18G0 FOP 1=1 TO 4
1;:70 READ 4:1;ns
187]:0 PRINT RI
1090 NEXT I

1900 GOTO 1250
1910 IF L)2 THEN 2000
19.20 LET L=L-1-1
1130 READ 4:162
1:.10 FOR I=1 TO '-,'.._

1Y4=.0 READ 1:1 ;AS

1Pt.0 PRINT A$
'970 NEXT I
1920 PRINT "TRY THE 'INJECTION AGAIN."
1.7,90 GoTo 1370

F9INT THE ACCELETION PATIn IC THE INVERSE OF THE HR PATIO OP 1/4
::.010 PRINT "YOU NEED FURTHER FV]*!.:(riCE- IN UntJ:-PSTAW)ING 1HI2 CeNCEPT."
,'-'0,L0 GCTO 1780
J:0.::0 FOP Y=12 TO 1 STEP -1

11. PEAD Aip
2 050 PRINT 8$;

BEST COPY AVAILABLE
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2060 . IF Y/2INT(1/2) THEN 2170
2.07'O IF L=1 THEN 2100
2080 PRINT TAB(7);24.Y;

GOTO 2170
2100 IF 2.Y=8 THEN 2140
2110 IF 2.Y-4 THEN 2160
120 PRINT TAB(6);"."2.Y;
1.130 GOTO 2170
2140 PRINT THP(6);". 02";
c:150 GOTD 2170
2160. PRINT TAB(6);". 04";
2170 FOR X=1 TO 10
218) IF NCY4.1,X3=1 THEN 2220
n90 NEXT X
21)0 PRINT TAB(13);"+"

2210 GOTO 2220
32'20 PRINT TAB(13);"+";TAB(12+(X+1).4);"X".

A NEXT Y
2240 PRINT 0

2250 PRINT TO(12);"0 1 2 2 4 5 6 I. 8 9 10 11"
PRINT TAT(27);"TOTAL NAS.'. (BRICKS)"

2::::712 PRINT
L27:'.0 DATA "A","C","C","E,"L' ,"E(CM/SEC.JSEC)","P","A"."T","I",0","N"
.-220 DATA "","","",""F"",""," IsA ","",''"",""
2300 RETURN
310 IF L>t THEN 2290

LET L-=L+1
,FAD 4:1,42
FOR I=1 TO 6
-EAD -!:1;EFL.

PRINT R.!:

NEXT I
110TO 840

4:1,49
FOP I-1 TO 4

1:1;11

A;:.

NEXT I

,?440 GOTO 840
PI0 IF W.="flIFECT" TOFN 2490
.460 IF A-4,="0IP7CT" THEN P490
2470 PRINT -YOOP ANSHER MUST BF /DIRECT/ OF '*INVERSE/. A6AIN --"

GOTO 640
PEAD
FOR I=1 TO 4

-!510 READ 1:t;n1

PRINT WS
252H WET I

GUM 640
-PINT wILL F1H0 THAT IF .OUP CAT HA7' NO ON IT ANfJ yOu AFFLy Or
prinT "FUCE OF" R;" CM TH CART WILL TAKE OFF 50 FA:7,T YOU WN'T i:: ABLE
TO"
PRINT "ArPLY A CON:TANT FLii I aiGGEST AT LENT 1 BRICK FOP H LOAD."
PRINT ".1U, --"

I) GOTO 270
21A0 'r'RINT "WITH MOPE THAN 10 DPICKS THE CART IS VEPY SLOW FIND HARD TO HANDLE."

REgC01-Li,!)LL
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610 PRINT "DON'T USE MORE THAN 10 EF,-ICKS. SO AGAIN
2t;20 GOTO 490

PRINT "THE UNSTRETCHED RUBBER LOOP IS ALMOST '50 CM LONG WHEN WE STRETCI

THIS"
2640 PRINT "LOOP LESS THAN 50CM WE'RE NOT APPLYING R SIGNIFICANT FORCE TO T
2650 PRINT "CART. SO' AGAIN--"

GOTO 260
-;--i;70 PRINT "WE'RE STRETCHING THE LOOP WITH A METER STICK WHICH I 00C4.1 LON1

You"

2680 PRINT "CAN'T APPLY Ft CONSTANT FORCE ACCURATELY IF THE STRETCH EXCEEDS"
.6.'=,!) PRINT "100CM. SO AGAIN --"
j:700 GOTO 260
1710 PRINT THIS PROGPAM 1S THIRD IN A SEPIES. THE CDHCEI rs DPvELOPEI

PPINT "t=0.3'E SEOUENTIN. YOU :i1-40_'L TI PF6IN VIEldIrG THE i_hi LOOP ';;IL'Il217.

FR [NT "MOTION I' ANL' THEN RUN 'FORCFA"."
1J GOTO 2:320

751_1 IF L-40 THEN 2810
276c1 LEI L=L+1

PPIHT "Yr: THE: Crj;flCT 1:70P TEl THT: OUE7TirN IF YOli'V

FPINT "TkA;UH FORCED. I'LL GIVE YOU OW 61.3RE GMNI:E TO TYPE IT-
"POC:LY."

.?E00 GOTO 160
1 u PRINT "RUN THE PRCGRAM 'FORCEB' PEFORE CONTINUING."

GOTO 280
PC:ANT "TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PPES:S THE RETURN EY."
END

BEST COPY AVAILA6LE.
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-lunf3

1

t,FGHT. NOW TO iJUDY h]1 ACCELEFATIO0 mNEN TH 07;JE.:T-:

I: ii A Iti "E u_ TRY TO HEILD ALL QAPII-iFLEf" CON-

TIANT. WE LL t7PPLY THE SAME FOw.-F TO THE CART IN ALL PUHL E-1
4

PING urtl: LOOP nf: RUF:PEP STRETCHED A CONSTANT LENGTH. ,AdE
C.;

:TRFTCH OUP LOOP 7:ETWEEN 50 RND 1(I0CM.)

wE CAN VARY THE CART'S MASS BY.USING DIFFPPENT NUMPERS OF

IDENTICAL ERICK:SFUR A LOAD. THE rT:11SS OF THE EI1RTY CRPT

wE'LL ULE HA::, BEEN Ari2USTED TO EOUAL THE MASS OP ONE ERICK.

YUU SPECIFY THr.-_, NUHEER OF ERICKS YOU'LL 111E FOR A LOAD IN
1.

EACH TRIAL AND Mq:e.E7. THE SIM;iLATED RIJN. THEN I'LL DETEPNINE
11

0_:CELERATION FROM THE TICKER TAPE AND PLOT A GPAPH OF
1

CCELERATION V. PEOEMP. THE HASS YOU'RE ACCELERnTING
13
ONE BRICK LARGER THAN THE- LOAD YOU SPECIFY SINCE THE CA :=J

14

A nF 1 ERICK.
15

FIGHT! AL THE CAPT.:. MASS GETS LARGER THE ACCELE7ATION GETS
16

NALLER UNDER THE Ini,LUENCE OF A CONTANT FORCE.
17

UUR HET IFF:A< IS TO rIND AN ALGEBRAIC EPPE..S.ION FOR THE

RaATION:HIP ETTWaiN ACCELEF,7iTION AND n OF fjp.

19

THOT IT r1IGHT 107 FOWL:C. INVEPE

:HIP. THOT :)1.:CEL. 10 D1PECTLY Pi-4_3PCPTILMH_ TO 1-Nff.S.
21
Hi MASS IS DIRECTLY PC1PORTIONa TO IfFiCCELEFATION. TO c.-;ECK

OUT THI.7 PREDICTION I WILL PLOT A NEW GRAPH UP 1,A VERfW;

FOR EACH OF OUR REAL'S WANG THE DATA hiF COLLECTED.

FELAlio:;-

24
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HI:PE'S THE NEU GFAPH:

RIGHT! THERE IC A DIRECT RELATION:HIP BETWEEN 1/A AND TIAS,;

K: COULD OF COURSE BE REA_ACED BY THE NUMERICAL VALUE FOR THE

SLOPE OF THE LINE.
20

HERE IC A ARM:JEN FOR YOU TO TRY UCING '(OUR GRAFH nilD THE
29

1-j

APPARATUS: A POCK OF UNKNOWN MASS IS PLACED ON OUR

UNLOADED CART. YOU MAP(E H RUN WITH IT APPLYING THE CANE Fricr-:-.
31
AS YOU DID IN THE OTHER RUNS. NY otiRL= OF THE TARE INDI-
32
C;ATES AN ACCELERATION CF 15.0CN-SEC/SEC. WHAT IC THE TOTAL

GOOD! THIS IS ONE METE-IC:III WHICH CAN BE USED TO DETEPHlNfF THE
34
INERTIAL MASS OF AN OBJECT.
35

TO :SUMMARIZE, WE CAN SEE FROM THE GRAPHS OF OUR DATA THnT

THE ACCELERATION OF AN OBJECT IS INVERSELY PROPORTIONAL TO

ITS INERTIAL MASS WHEN Ff CONSTANT FORCE IS APPLIED' AND

THE EOUATION YOU WROFE FOR.THE RELATIONSHIP IS: 1/A=KM.
39

WRONG-. WHEN 2 VARIABLES ARE DIRECTLY RELAMD, ONE INCREASES
4 1:1

171::: THE OTHER INCREASES. LOOK AT YOUR GRAPH AGAIN. IT SHOWS
41

THAT THE ACCELERATION BECAME SMALLER AS THE MASS INCREASED.
42
THIS MEANS THAT THE VA!:,IABLES RP: INVERSELY RELATED. CO
43

IdRONG. THE GRAPH CAN SC REPRESENTUD BY A STRAIGHT LINE PACS-
44
ING THROUGH THE ORIGIN. FROM YOUR WORK IN A! GFDRA YOU FNOM
45
THE Eounrum FOR A STRAIGHT LINE. WHERE M IS THE
46

.a.OPE AHD B THE X-INTEPCEPT.) INTHIC CASE WE'RE PLOTTING 1,H
47

ON THE VERTICAL AXIS AND MRS? OH THF THE
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4'3

HHI: INTERCEPT I. O. TRY THE nPr-TION AGAIN.
4?

HO. THE EQUATION SHOULD EE EXPI:FSSED 1-/A=Y.M. IF YOU
Sc'

DON'T UNDERSTAND WHY DHCUSS THIS WITH YOU TEACHER AS
51

1-00N AS. POSSIBLE. HOW HEPU"S THE OUESTION. ONCE MOPE. TYRE

IH THE EQUATION I'VE, STATED.
53

NO YOU'RE WRONG. RENEMEP THAT WE ACCELERATED THE ROCK AND
54
THE CART AND WE HAVE PLOTTED THE TOTAL ms.s.. TO FIND THE
55

MASS OF THE POCK"4IE MUST :SUBTRACT THE CART'S MASS (1 BRICK)
Fos

FROM THE TOTAL MHSC DETERHNED IN THE LAST OUE.3TION.
57

TRY THE OUE:TION AGAIN.

5:3

wRONG. WITH TWICE: THE MAC THE CON:_TANT FORCE CRUSES 1/2

THE ORIGINAL ACCELERATION OP 4M/:.EC/:EC. IE YOU DON'T

UNDERz:TAND DI...XU:3 THIS WITH YOUR TEACHER 1.1'.* SOON A.S
61

PO::IELE. NOM HERE'S ANOTHER PROBLEM.
62

HO. THE PROELEN ri..:7:ys FOR THE RATIO OF MASS A/NASS B. THIS IS
En
EOUIVALENT TO ACCEL.B/ACCEL.A DUE TO THE INVERSE RELATIONSHIP.
64
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list
FORCED

10 FILES LUNF4
20 DIM ASC651
30 READ 01,1
40 FOR I=1 TO 4
50 READ 01;AS
60 PR/NT AI
70 NEXT I
80 INPUT AS
SO IF Ate- "yes" THEN 110
100 IF AIO"YES" THEN 2870
110 READ #1,5
12.0 FOR 1=1 TO 6
130 READ ol;AS
140 PRINT As
150 NEXT
160 LET L=0
170 IPUT AS
1C0 IF AS="Invorse" THEN 200
190 IF ASO-INVERSE" THEN 2930
200 READ 01,11
210 FOR 1=1 TO 12
220 READ ol;A$
230 PRINT AS
240 NEXT I
250 PRINT "I'VE JUST TYPED A LOT OF INFORMATION HERE. READ IT CAREFULLY AND TYPE"
260 PRINT ""GO" WHEN YOU VANT ME TO CON:INUE."
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270 INPUT AS
2k30 IF AS="60" THEN 330
290 IF As."go' THEN 330
300 PRINT YOU DIDN'T TYPE 'CO'. I CAN'T CONTINUE UNTIL YOU DO.'
310 PRINT "TYPE 'GO' AND WE'LL CONTINUE.'
3n0 GOTO 270
330 PRINT "/N THE EQUATION H IS A CONSTANT OF PROPORTIONALITY AND ITS
310 PRINT "NUMERICAL VALUE DEPENDS UPON THE UNITS USED TO MEASURE FORCE,'
350 READ p1,23
360 FOR 1=1 TO 18
370 READ 0I/AS
360 120INT AS
390 NEXT I
400 LET L=0
410 PRINT "UHAT IS THE NET FORCE (IN NEWTONS) ACTING ON THE SPACESHIP?'
420 INPUT AS
430 IF A:, =" 1200" THEN 450
440 IF A7,0"1,200° THEN 1660
450 PRINT -coanEcri NOW HERE'S A SLIGHT VARIATION OF THE SAME PROBLEM:"
460 PRINT 'AN em ASTRONAUT IN FnumInmum OUTSIDE HIS SPACESHIP RECEIVES A'
470 PR/NT "40N FORCE FROM A PROPUI,SION JET ATTACHED TO HIM."
480 LET L=0
490 PRWT "WHAT ACCEL. (IN M/SEC/SEC) DOES HE EXPERIENCE?"
500 INPUT AS
510 IF AS=".S° THEN 530
520 IF A.:"1/2" THEN 1620
530 READ 01,41
540 FOR It TO 2
550 READ 01/AS
560 PRINT AS
570 NEXT I
560 PRINT "TRY THIS PROBLEM AGAIN WHICH INVOLVES NEGATIVE ACCELERATION: A 2000°
590 READ 0/143
GOO FOR Int TO 4
610 READ 01;AS
620 PRINT AS
630 NEXT I
640 LET L=0
630 INPUT AS
660 IF AZ="4000" THEN 700
670 IF ASs="4,000" THE 700
C60 IF AS="-4000" THIN 700
690 IF ALf;"-4,000" THEN 1680
700 LET L=0
710 READ 01,47
720 FOR 1=1 TO 6
730 READ 01;AS
74a PRINT AS
750 NEXT
760 PRINT "UHAT IS THE FRICTIONAL FORCE ACTING ON THE STOVE IN Ni'
710 INPUT AS
700 IF AS" 250" THEN 800
790 IF AS0"-250' THEN 2000
COO LET L=0
CIO READ 01,53
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820 FOR I=1 TO 4
830 READ 011AS
840 PRINT AS
850 NEXT I
860 INPUT D
870 IF D01.5 THEN 2100
660 READ 01,57
890 FOR 1z1 TO 4
900 READ 01;AS
910 PRINT AS
920 NEXT I
930 PRINT TAB(9);"10+"
940 PRINT "V";TA0(11);'+'
950 PRINT "E";TAD(10);"8+";TAD(27);"X X X'
960 PRINT "L";TA3(11);"+";TAD(23);"X"
970 PRINT "0";TAE(10);'6+ X";TAB(37);"x"
980 PRINT "C (N/sEC) + X"
990 PRINT "I";TA3(10);-AX";TAE(39);"X"
1000 PRINT "T";TAD(11);"+";TAD(41);"X"
1010 PRINT "Y";TAD(10);"2+";TA13(43);"X"
1020 PRINT TnD(1 1);"+";TAB(45);"X"
1030 PRINT TAD(10);"0+ + + + + + + + + + + + + + + + + + x ± +"
1040 PRINT TAE(11);"0 2 4 6 8 10 12 14 16 18 20'
1050 PRINT TAB(26);"TINE (SEC)"
1060 LET L=0
1070 READ 01,61
1080 FOR I=1 TO 2
1090 READ 01;AS
1100 PRINT AS
1110 NEXT I
1120 PRINT "1. THE NET FORCE ACTING ON THE OBJECT WAS 0 AT (A) 0 SEC; (8).
1130 PRINT -4SEC; (C) IOSEC; (D) 13SEC; (E) I6SEC; (F) NONE OF THE ABOVE"
1140 INPUT AS
1150 IF AS="c" THEN 1170
1160 IF A50"C" THEN 2260
1170 READ 01,64
1180 Foa 1=1 TO 4
1190 READ 011AS
1200 PRINT AS
1210 NEXT I
1220 INPUT AS
1230 IF A5="d" THEN 1250
1240 IF AZO"D" THEN 2360
1250 PRINT "GOOD!'
1260 PRINT '3. THE NET FORCE WAS CONSTANT BETWEEN:(A) 6-9SEC; (B) 9-13SECC
1270 PRINT "(C) 13-15SEC; (D) 15-18SEC; (E) NONE OF THE ABOVE"
1280 INPUT AS
1290 IF AS="d" THEN 1310
1300 IF AS0"D" THEN 2450
1310 PRINT 'CORRECT!'
1320 LET L -0
1330 PRINT "4. WHAT WAS THE ACCEL. OF THE OBJECT (IN M/SEC/SEC) AT 6 SEC?"
1340 INPUT AS
1350 IF AS = ". 5" THEN 1370
1360 IF AS0"1/2" THEN 2540



109

1370 PRINT -FINE!"
1330 PRINT -5. DETERMINE THE NET FORCE (IN N) AT 6 SEC. (OBJECT HAS MASS OF 10KG).
1390 INPUT D
1400 IF D05 THEN 2630
1410 PRINT "VERY NICE."
1421 PRINT "YOU'LL NOTICE ON THE GRAPH THAT THIS CONSTANT FORCE OF 5N WAS APPLIED"
1430 PRINT "FROM OSEC THROUGH 8 SEC. NOW, THE FINAL PROBLEM:-
1440 PRINT -6. DETERMINE THE FORCE (IN N) ACTING AT 13 SE.-
1450 LET Lm0
1460 INPUT D
1470 IF ABS(D)020 THEN 2700
1460 READ 01,68
1490 FOR Its/ TO 17
1500 READ 011AS
1510 PRINT AS
1520 NEXT I
1530 LET Lm0
1540 PRINT "BEGIN THE EQUATION: Fm ... AND DO NOT INCLUDE A MULTIPLICATION SIGN.
1530 INPUT AS
1560 IF AS-FmMA" THEN 1640
L110 IF ASm-fmmo- THEN 1640
1580 IF Asrs-FmKMA" THEN 1640
1590 IF Ar,=-fmkma- THEN 1640
1600 IF A5=-A=F/M- THEN 1640
1610 IF AS="a=f/m- THEN 1640
1620 IF AZ-i-amkf/m- THEN 1640
1630 IF AL0-Ami(F/N" THEN 2780
:640 pnior 'AUF WIEDERSEHEN-
1550 GOTO 3030
1660 IF L'1 THEN 1740
1670 LET L=L+1
1680 READ 01,91
1690 FOR I01 TO 3
1700 READ 01;AS
1710 PRINT AS
1720 NEXT I
1730 COTO 410
1740 READ 01,94
1750 FOR Iml TO 3
1760 READ 01;AS
1770 PRINT AS
1780 NEXT I
1790 GOTO 460
1600 IF L>1 THEN 1840
1610 LET LalL+1
1820 PRINT -NO. SINCE FmMA, A-F/M. TRY THE PROBLEM AGAIN:"
16O0 COTO 490
1640 PRINT -40N/80KG=1/214 /SEC/SEC.-
1850 PRINT "YOU NEED FURTHER ASSISTANCE IN UNDERSTANDING THIS CONCEPT. CONSULT-
1860 PRINT WITH YOUR TEACHER BEFORE CONTINUING THIS PROGRAM."
1370 COTO 3030
1880 LET LmL+1
1890 IF Lm3 THEN 1940
1900 IF L7.3 THEN 1850
1Y10 PRINT "WRONG ANSWER. FIRST FIND THE CAR "S ACCEL. (IT LOSES 3011 /SEC IN 15 SEC."
1920 PRINT "THEN: FmtlA. CHECK THE PROBLEM AND TYPE IN YOUR NEW ANSWER."
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1930 GOTO 650
1940 READ 01997
1950 FOR Int TO 4
1960 READ 011AS
1970 PRINT AS
1980 NEXT I
1990 GOTO 650
2000 IF 1.'1 THEN 2080
2010 LET LL+1
2020 READ 01.101
2030 FOR 1=1 TO 5
2040 READ 011AS
2050 PRINT AS
2060 NEXT I
2070 GOTO 760
2080 PRINT "NO. THE FRICTIONAL FORCE IS 250N."
2090 GOTO 1850
2100 LET Logl.+1
2110 IF Laa3 THEN 2190
2120 IF L >3 THEN 1850
2130 READ 01.106
2140 FOR. 101 TO 4
2150 READ' 011AS
2160 PRINT AS
2170 NEXT I
2180 GOTO 860
2190 PRINT "NO. MASS AFIA12/226KG1 MASS B 1312/61112KO."
2200 READ $1,110
2210 FOR I-1 TO 4
2220 READ 01;AS
2230 PRINT AS
2240 NEXT I
2250 GOTO 860
2260 IF L >1 THEN 2320
2270 LET 1.01.4.1

2280 PRINT 'WRONG. SINCE FNMA, THE FORCE,a 0 WHERE THE ACCEL. 0."
2290 PRINT "THE ACCEL: = 0 WHERE THE VELVAITY IS NOT CHANGING. TRY THE PROBLEM"
2300 PAINT "AGAIN AND TYPE IN THE CORRECT ANSWER"
2310 GOTO 1140
2320 PRINT 'NO. THE ACCEL. IS 0 BETWEEN EA AND 12 SEC. IF YOU DON'T UNDERSTAND'
2330 PRINT 'DISCUSS THIS WTH YOUR TEACHLR AS SOON AS POSSIBLE. NOW, TYPE IN THE"
2340 PRINT "LETTER OF THE Z'.ORRECT RE5POI1SZ."
2350 GOTO 1140
2360 IF L>2 THEN 2430
2370 LET 1.=1.4.1

2380 PRINT "WRONG. SINCE FMA, THE FORCE IS GREATEST WHERE THE ACCEL. IS GREATEST."
2390 PRINT 'REMEMBER THAT THE ACCEL. AT ANY POINT IS THE SLOPE OF THE V VERSUS T.
2400 PHINT "GRAPH. FIND THE PLACE WHERE THE VELOCITY IS CHANGING AT THE GREATEST
2410 PRINT "RATE. NOW TYPE IN THE CORRECT ANSWER."
2420 COTO 1220
2430 PRINT "NO; THE FORCE IS GREATEST AT 13 SEC."
2440 GOTO 1850
2450 IF L>1 THEN 2520
2460 LET 1.101.4.1

2.170 PRINT "INCORRECT. THE FORCE IS CONSTANT WHERE THE ACCEL. IS CONSTANT."
2480 PRINT "REMEMBER THAT THE ACCEL.. AT ANY POINT IS THE SLOPE OF THE V VERSUS T"



111

2490 PRINT "GRAPH. FIND THE LISTED TIME INTERVAL IN WHICH VELOCITY CHANGES AT A"
2500 PRINT 'CONSTANT RATE, AND TYPE IN THE CORRECT ANSWER."
2510 GOTO 1260
2520 PRINT "NO. THE CORRECT CHOICE WAS 15-18SEC."
2530 PRINT 'NO. THE CORRECT CHOICE IS 15-18 SEC."
2540 IF L>1 THEN 2600
2550 LET LL+1
2560 PRINT "WRONG. ACCEL. AT ANY POINT ISTHE SLOPE OF THE V VERSUS T GRAPH."
2570 PRINT "A=CHANGE IN V/CHANGE IN T. CHECK YOUR CALCULATION AND TYPE IN THE
2580 PRINT "CORRECT ANSWER."
2590 GOTO 1340
2600 PRINT 'NO. THE SLOPE IS .5M/SEC/SEC. LOOK AT THE GRAPH AND SEE IF YOU AGREE."
2610 PRINT 'THEN TRY THIS QUESTION:"
2620 GOTO 1380
2630 IF L>2 THEN 2680
2640 LET Lm1.4.1
2650 PRINT "WRONG. F-MA. MULTIPLY THE MASS(10KG) BY THE ACCEL. CALCULATED IN THE
2660 PRINT 'LAST PROBLEM. CHECK YOUR CALCULATIONS AND TYPE IN THE CORRECT ANSWER.'
2670 GOTO 1390
2680 PRINT 'NO. FuHAmIOX.Su5N.'
2690 GOTO 1850
2700 IF 1.2.1 THEN 2760
2710 LET LuL+1
2720 PRINT 'INCORRECT. FIND THE ACCEL. AS YOU DID IN PROBLEM #4 ABOVE
2730 PRINT "(CHANGE IN V/CHANGE IN T). THEN FaMA. CHECK YOUR CALCULATIONS AGAIN"
2740 PRINT "AND TYPE IN THE CORRECT FORCE."
2750 COTO 1460
2760 PRINT "NO, THE ANSWER IS -20N."
2770 GOTO 1850
2780 IF L>0 THEN 2840
2790 LET L -L +1
2800 PRINT 'YOU MUST BE KIDDING! I'VE SPENT ALL THIS TIME WITH YOU AND YOU CAN'T"
2810 PRINT SAY 'FasMA"??'
2520 PRINT "OH, THIS IS AWFUL! TRY TYPING THE EQUATION AGAIN."
2830 GOTO 1550
2848 PRINT NOW I'LL BELIEVE YOU'RE KIDDING. I'LL TYPE IT FOR YOU:'
285U PRINT "FuMe
2660 COTO 1640
2870 READ #1,35
2880 FOR I'll TO 3
2890 READ 01:AS
2900 PRINT AS
2910 NEXT I
2920 GOTO 3030
2930 /F L#0 THEN 3010
2940 LET LuL+1
2950 READ 01,88
2960 FOR I11 TO 3
2970 READ clpAS
2980 PRINT AS
2990 NEXT I
3000 COTO 170
3010 PRINT 'RUN 'FORCEC' BEFORE CONTINUING.
3020 GOTO 3030
3030 PRINT 'TO SIGN OFF THE TERMINAL TYPE 'BYE' AND PRESS THE RETURN KEY."
3040 END
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WHAT FILE IS TO BE LISTED?
?lunf4
STARTING RECCRD NUMBER?

?I
1

HI! IN THIS FINAL PROGRAM OF THE SERIES WE WILL DISCUSS WHAT
2

WE'VE LEARNED ABOUT FORCE AND MOTION AND INTRODUCE A SYSTEM
3

OF UNITS IN COMMON USE. HAVE YOU COMPLETED 'FORCEC' AND THEN
4

VIEWED FILM LOOP 'FORCE & MOTION IV'?
5

IN THE FIRST EXPERIMENT WE OBSERVED THAT A CONSTANT FORCE
6
CAUSES A BODY TO UNDERGO A CONSTANT ACCELERATION. IN THE
7

2ND EXPERIMENT WE OBSERVED THAT ACCELERATION WAS DIRECTLY
8

PROPORTIONAL TO THE NET FORCE. IN THE 3RD EXPERIMENT WE
9
OBSERVED WHAT KIND OF RELATIONSHIP BETWEEN ACCELERATION AND
10

MASS?
11

CORRECT! WE MAY WRITE THIS LAST STATEMENT AS:
12

1) M IS DIRECTLY PROPORTIONAL TO 1/A OR
13

2) A IS DIRECTLY PROPORTIONAL TO 1/M
14

FROM THE RESULTS OF EXPERIMENT 2 WE CAN WRITE:
15

3) A IS DIRECTLY PROPORTIONAL TO F
16

STATEMENTS C2) & (3) CAN BE COMBINED AND WRITTEN AS:
17

A IS DIRECTLY PROPORTIONAL TO F/M
18

AN EQUIVALENT STATEMENT IS:
19

MA IS DIRECTLY PROPORTIONAL TO F
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20
OR: F IS DIRECTLY PROPORTIONAL TO MA
21

IN EQUATION FORM:
22

F -KMA

23
MASS, AND ACCELERATION. IT WOULD HAVE A SPECIFIC VALUE IF WE
24
CONTINUED TO MEASURE FORCE IN 'BANDS' AND MASS IN *BRICKS'.
25
THE UNITS WE USED HAPPENED TO BE CONVENIENT FOR US, BUT
26

THEY ARE NOT IN COMMON USE IN THE WORLD. THE EQUATION, OFTEN
27
REFERRED TO AS NEWTON'S 2ND LAW, IS PERHAPS THE MOST FUNDA-
28
MENTAL EQUATION IN CLASSICAL MECHANICS, AND THE UNIT OF FORCE
29
COMMONLY USED IS DEFINED SO THAT K IN THE EQUATION es 1.
30

IN SCIENTIFIC WORK A VERY COMMON UNIT OF MASS IN USE TODAY
31

IS THE KILOGRAM (KG). THE BASIC UNIT OF FORCE WILL CAUSE A
32

MASS OF 1 KILOGRAM TO ACCELERATE AT IM/SEC/SEC. THIS UNIT OF
33
FORCE IS CALLED THE NEWTON (N). IN OTHER WORDS A FORCE OF IN
34
WILL CAUSE A MASS OF 1KG TO ACCELERATE IM/SEC/SEC. USING THESE
35

UNITS THE EQUATION IS WRITTEN:
36

F -MA
37

1N-1KG M/SEC/SEC
33

TRY THE FOLLOWING PROBLEM USING THE MKS (METERIKILOGRAM,
39

SECOND) SYSTEM OF UNITS. A 600KG SPACESHI? IS PROPELLED BY
40

A ROCKET ENGINE. ITS ACCELERATION IS 2M/SEC/SEC.
41

RIGHT! IT IS IMPORTANT TO POINT OUT AS I DID IN EXP. 2 THAT F
42
REPRESENTS THE VECTOR SUM OF ALL FORCES ACTING ON THE OBJECT.
43
KG CAR IS TRAVELLING AT A SPEED OF 30M/SEC WHEN THE BRAKES
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44
ARE APPLIED. THE CAR STOPS IN 15 SEC. IF WE ASSUME A CON-
45
STANT ACCELERATION, WHAT WAS THE FORCE (IN N) APPLIED BY THE
46

BRAKES?
47

GOOD! THE NEGATIVE BRAKING FORCE PRODUCED A NEGATIVE ACCEL.
48
IF THE VECTOR SUM OF THE FORCES ON A OBJECT = 0, THEN THE
49

OBJECT WILL UNDERGO 0 ACCELERATION. IN OTHER WORDS ITS
50
VELOCITY WILL NOT CHANGE. HERE'S A PROBLEM ON THE SUBJECT:
51

TO PUSH MY STOVE ACROSS MY KITCHEN FLOOR AT A CONSTANT
52

SPEED OF 1M/SEC, I MUST APPLY A FORCE OF 250N.
53

SURE! NOW TRY THIS PROBLEM: A FORCE OF 12N GIVES MASS A
54

AN ACCEL. OF 2W /SEC /SEC AND MASS B AN ACCEL. OF 6M/SEC/SEC.
55
WHAT IS THE ACCEL, CIN M/SEC/SEC) WHEN THE TWO ARE FASTENED
56
TOGETHER AND THE SAME FORCE IS APPLIED?
57

GOOD!

58
THE LAST FEW QUESTIONS DEAL WITH THE GRAPH PRINTED BELOW
59

WHICH SHOWS THE VELOCITY OF A 10KG OBJECT ALONG A STRAIGHT
60

PATH.
61

IN THE NEXT 3 QUESTIONS TYPE IN THE LETTER OF THE BEST
62

RESPONSE:
63

64

CORRECT!

65

2. THE NET FORCE ACTING ON THE OBJECT WAS GREATEST ATs
66
(A) 0 SEC; CB) 4 SEC; CC) 10 SEr.; (D) 13 SEC; (E) 16 SEC;
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67
(F) NONE OF THE ABOVE.
68

OKI IT'S A GOOD IDEA TO WRITE THIS FORCE AS -20N SINCE
69

THE FORCE IS OPPOSITE THE DIRECTION IN WHICH THE OBJECT IS
70

MOVING.
71

THE IDEAS WE'VE BEEN DISCUSSING IN THESE FOUR PROGRAMS ARE
72

FUNDAMENTAL IN CLASSICAL MECHANICS. OUR UNDERSTANDING OF THEM
73
1AS BEEN GREATLY ENHANCED BY THE BRILLIANT INSIGHTS PROVIDED
74

BY GALILEO, NEWTON, AND THEIR SUCCESSORS. THE STORY OF THE WORK
75

OF THESE EARLY SCIENTISTS IS FASCINATING READING.
76

THESE IDEAS PROVIDE A STARTING POINT FOR FURTHER STUDY IN
77

MECHANICS. VERY SOON, FOR EXAMPLE, YOU WILL STUDY FALLING
78

BODIES. WHEN A BODY FALLS THE FORCE CAUSING IT TO ACCELERATE
79
IS ITS WEIGHT...
80

IT HAS BEEN VERY NICE WORKING WITH YOU IN THESE PAST FOUR
81
EXPERIMENTS. PERHAPS WE'LL MEET AGAIN IF SOMEONE WILL WRITE
82
MORE PROGRAMS...?
83

BEFORE WE PART, YOU'LL HAVE TO TYPE IN THE EQUATION REPRE...
84
SENTING NEWTON'S 2ND LAW WHICH WE DEVELOPED IN THIS PROGRAM.
85
THIS PROGRAM IS THE 4TH IN A SERIES. SINCE THE CONCEPTS DEVELOPED
86
ARE SEQUENTIAL YOU SHOULD BEGIN BY VIEWING THE FILM LOOP
87
'FORCE & MOTION I' AND THEN RUN 'FORCER".
88

YOU SHOULD KNOW THE CORRECT ANSWER TO THIS QUESTION IF YOU'VE
89

BEEN THROUGH 'FORCEC'. I'LL GIVE YOU ONE MORE CHANCE TO TYPE
90
IT PROPERLY.
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WRONG. THE FORCE IN N) = MASS (KG) X ACCEL (M/SEC/SEC).
92

MULTIPLY THE MASS TIMES THE ACCELERATION TO FIND THE FORCE IN
93

NEWTONS. TRY THE PROBLEM AGAIN.
94

NO. 600KG X 2M/SEC/SEC = 1200N. IF YOU DON'T UNDERSTAND
95
DISCUSS THIS WITH YOUR TEACHER AS SOON AS POSSIBLE. NOW HERE'S
96

ANOTHER PROBLEM.
97

NO. THE ACCELERATION IS 30/15 = 2M/SEC/SEC. F=2000 X 2 = 4000N.
98
IF YOU DON'T UNDERSTAND DISCUSS THIS WITH YOUR TEACHER AS
99
SOON AS POSSIBLE. READ THE PROBLEM AGAIN AND ANSWER IT
100

CORRECTLY.
101

INCORRECT. THE STOVE IS TRAVELLING AT A CONSTANT SPEED; THERE
102

IS NO ACCELERATION. THEREFORE THE SUM OF ALL FORCES ON THE
103

STOVE MUST =0. IF 250N IS BEING APPLIED TO PUSH THE STOVE,
104

THERE MUST DE AN EQUAL AND OPPOSITE FORCE DUE TO FRICTION.
105

ANSWER THE PROBLEM AGAIN.
106

SORRY, WRONG ANSWER. YOU CAN FIND MASS A AND MASS B BY
10?

USING NEWTON'S 2ND LAW FOR EACH. THE NEW MASS BEING ACCEL.
108

RATED IS THE SUM OF MASS A AND B. USE THE 2ND LAW TO FIND
109

THE NEW ACCELERATION. ANSWER THE QUESTION AGAIN.
110

THE TOTAL MASS = 6+2=8KG. THE NEW ACCEL. =F/M=12/8=1.5.
111

IF YOU DON'T UNDERSTAND, DISCUSS THIS WITH YOUR TEACHER AS
Al2

SOON AS POSSIBLE. READ THE PROBLEM AGAIN AND ANSWER IT
113

CORRECTLY.
lt4
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In this first investigation the experimenters are studying how an object's
velocity changes when a constant force is applied. Throughout all the runs of
today's experiments the rubber band has been stretched 60 cm. and the force is
held constant as you observed in the film loop.

In the first run there were two bricks on the cart, and the experimenters
gathered the following data from a careful analysis of the ticker tape pulled by
the cart.

yinFt (sec) VELOCITY (cm/sec)
.1 1.6
.2 3.2
.3 4.8
.4 6.4
.5 8.0

.6 9.6

.7 11.2

.8 12.8

.9 14.4
1.0 16.0

To see how the data would differ unner the influence of a different load,
the experimenters made a second run with four bricks on the cart. The follow-
ing data was gathered from a careful analysis of the ticker tape made in the run.

TIME (sec) VELOCITY (cm/sec)
.1 1.0
.2 1.9
.3 2.9
.4 3.8
.5 4.8
.6 5.8
.7 6.8
.8 7.7
.9 8.6

1.0 9.6
To study the data, construct a graph plotting both curves on the same

velocity vs. time axes for ease of comparison.

Next, discuss the following questions in your experiment reports:
1. What kind of relationship exists between velocity and time uncle!: these

conditions?
2. The constant force gave the cart wha.t kind of acceleration? (Remember

that the acceleration of an object at any point is the slope of its
velocity vs. time graph at that point.)

3. Analyze the graph and determine the acceleration in cm/sec2 produced by the
force in both runs.

4. Was the acceleration greater or smaller when the smaller mass was
accelerated?

Next, list the sources of experimental error as you envision them and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of the experiment, do the following
problem:
If an airplane's engines produce a net force which is constant and which
accelerates the plane from 0 to 100 m/sec in 20 sec., what will be the plane's

. . .

-velocity at' the end of 00's'e'c.?
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In the first experiment, we observed that a constant force gave our cart
a constant acceleration. In this investigation the experimenters are studying
how different forces affect the acceleration of an object. As you observed in
the film, we can very the force we apply by using different numbers of rubber
loops stretched a constant length.

In this particular experiment the loops were always stretched 60 cm, and
the cart was loaded with 2 bricks throughout all the runs. A different value
of force was applied in each run, and the corresponding value of acceleration
was determined from a careful analysis of the ticker tape pulled by the cart in
each run. Here is a table of the data collected in this experiment.

FORCE (loops) ACCELERATION (cm /sect)
1 8

2) 24

3 40
4 56

5 72
6 88

To study the data plot a graph of Acceleration vs. Force.

Next, discuss the following questions in your experiment report:

1. What kind of relationship exists between acceleration and force under these
conditions?

2. (A), If we extend the graph, what acceleration do we predict for a force of
0 loops?
(B) Is this extrapolation justified?

3. Note that the graph does not pass through c.he origin. Perhaps a frictional
force keeps the cart from accelerating when we apply a small positive force.
If this hypothesis is true, determine from the graph the force of friction
in the system.

4. Had we used a cart with greater friction then in our experiment, would the
intercept on the force axis be to the right or to the left of its present
location?

If, the experimenters had plotted the resultant force acting on the tart
instead of the applied force, the graph would have passed through the origin.
(The resultant force is the applied force minus the force of friction; a graph
of the resultant force vs. acceleration represents the relationship for a
frictionless cart.) On your graph paper, sketch a dashed line to display the
F vs. A relationship if the cart had been frictionless.

Write an equation to fit the dashed line. Use K to represent the slope
(don "t bother to calculate it).

List the sources of experimental error as you envision them, and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of this experiment do the following
problems:
1. A spaceship is accelerating in space at 10 m/sec2 due to the force provided

by one rocket engine. Suddenly two more identical rockets are ignited
providing thrust in the same direction as the first. What acceleration
does the ship now experience?

2. In 10 sec. an eb)cct accelerates flow to a speed of 300 cm/sec when
. . . acted upon by a net force.(F). At-the end of lie-10 sec. interval .F

becomes one-third its original strength. What is the speed of the object
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In the first experiment of this series we observed that a constant force
caused a body to have a constand acceleration. In the last experiment we held
the mass constant and observed that the acceleration of the cart was directly
proportional to the applied force. In this investigation the experimenters arc
studying how a constant force accelerates different masses. As you observed in
the film, we can vary the cart's mass by using different numbers of identical
bricks for a load.

In this particular experiment the mass of the empty cart was adjusted to
equal the mass of one brick, and a constant force of SO cm was applied to the
cart throughout all runs. A different number of bricks was placed on the cart
in each run, and the corresponding value of acceleration was determined from a
careful analysis of the ticker tape pulled by the cart in each run. Here is a
table of the data collected in this experiment.

TOTAL MASS

of Load and Cart (brkcks) ACCELERATInN (cm/sec2) 1/A
2 32.0 .031

3 21.3 .047

5 12.8 .078
7 9.1 .109
9 7.1 .141

To study the data plot a graph of Acceleration vs. Mass.

Next, discuss the kind of relationship which exists between acceleration
and mass nder these conditions.

Our primary task as physicists is to find an algebraic expression for the
relationship hetueen acceleration and mass. A study of the graph you've just
constructed suggests that it might be a 1st power inverse relationship, that is:
acceleration is directly proportional to 1/mass, or mass is directly proportional
to 1/acceleration. To check out, this prediction, plot a new graph of 1/A vs.
Mass for each of our trials using the data collected in the experiment.

i at kind of relationship exists between the two variables which you've
plottcc

Write an equation to fit this graph. Use K to represent the slope (don't
bother to calculate it).

Here is a problem for you to try using your graphs and the experimental
apparatus: A rock of unknown mass was placed on the unloaded cart. A run was
made with it applying the same force as in th2 other runs. An analysis of the
tape indicated an acceleration of 15.0 cm/sec . What was the total mass of rock
and cart?

What is the mass of the rock along? (This method you're using is one
means of determining the inertial mass of an object.)

List the sources of experimental error as you envision them, and state
the major conclusions you can draw from the experiment.

After you have completed the write-up of this experiment do the following
problems:

1. A car has a maximum acceleration of 8 m/sec2. If the car tows another car
of identical mass and design, what will be the maximum acceleration?

. . .

2. Mass A accelerates at 80 ft/sec 2 and mass b accelerates at 20 ft/sec2 when

identical forces are applied. What is the ratio: MassA /MassB?

11.
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In this final section of the series, we will discuss ghat we've Learned

about force and motion and introduce a system of units in common use. In the

first experiment we observed that a constant force causes a body to undergo a

constant acceleration. In the second experiment we observed that acceleration

was directly proportional to the net force. In the third experiment we observed

what mass and acceleration are inversely related when a constant force is

applied.

We may write this last statement as:

1) M is directly proporti.....1 to 1/A or

2) A is directly proportional to 1/M

From the results of Experiment 2 we can write:

3) A is directly proportional to F

Statements (2) and (3) can be combined and written as:

A is directly proportional to F/M

An equivraeut btatem-.na. is:
MA is directly proportional to F

or: F is directly proportional to MA

In equation form:
F = hilA

In this equation K is a constant of proportionality and its numerical
value depends upon the units used to measure force, mass, and acceleration.
It would have a specific value if we continued to measure force in mors and
mass in BRICKS. The units we used happened to be convenient for us, but they
are not in common use in the world. The equation, often referred to as Newton's
2nd Law, is perhaps the most fundamental equation in classical mechanics, and
the unit of force commonly used is defihed so that K in the equation equals 1.
In scientific work a vary common unit of mass in use today is the kilogram (kg).
The basic unit of force will cause a mass of 1 kilogram to accelerate at
1 m/secL. This unit of force is called the Newton (N). In other words, a force
of 1 Newton will cause a mass of 1 Kilogram to accelerate 1 m/sec2. Using these
units the equation is written:

F = HA

1 N = 1 kg m/sec2

Read the information above carefully. After you understand it, do the
following problems.

1. A 600 kg spaceship is propelled by a rocket engine. Its acceleration is
2 m/sec4. What is the net force acting on the spaceship?

2. An 80 kg astronaut in equilibriun outside his spaceship receives a 40
Newton force from a propulsion jet attached to him. What acceleration does
he experience?

3. A 2000 kg car is travelling at a speed of 30 m/sec when the brakes are
applied. The car stops in 15 sec. If we assume a constant acceleration, ulia:
was the force r.py:Ind the braktu?

4, To push my stove across my kitchen .1c., a constant speed of 1 m/sec.

I must apply a force of 250 N. Ohat is tgeliictiOnal force acting on the
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5. A force of 12 N gives mass A an acceleration of 2 m/sec2 and mass B an
acceleration of 6 m/sec2. What is the acceleration when the two are
fastened together and the same force is applied?

The last few questions deal with the graph printed below which shows the
velocity of a 10 kg object along a straight path.

'0

V

L t6,- I
I i

0 (m/sec)
y :--1

I

I

I i

I

IC
.

1

_
i

- .
i

I A-
1

I
i

1

'I'
I , I-

0 ',lilt it it( .11,1(.111_
Y 0 A .4( E iA zo

TIME (sec)

6. The net force acting on the object was 0 at: (A) 0 sec; (B) 4 sec;
(C) 10 sec; (D) 13 sec; (E) 16 sec; (F) None of the above.

7. The net force acting on the object was greatest at: (A) 0 sec;
(B) 4 sec; (C) 10 sec; (D) 13 sec; (E) 16 sec; (F) None of the above.

8. The net force was constant between: (A) 6-9 sec; (B) 9-13 sec;
(C) 13-15 sec; (D) 15-18 sec; (0 None of the above.

9. What was the acceleration of the object at 6 sec?

10. Determine the net force at 6 sec. (The object has a mass of 10 kg.)

11. Determine the net force acting on the object at 13 sec.

The ideas we've been discussing in these four "experiments" are
fundamental in classical technics. Our understanding of them has been greatly
enhanced by the brilliant insights provided by Galileo, Newton, and their
successors. The story of the work of these early scientists is fascinating
reading.

These ideas provide a starting point for further study in mechanics.
Very soon, for example, you will apply them in the study of falling bodies.
When an object falls the force causing it to accelerate is its own weight...

F=MA

Answers to some of the above questions are:

1. 1200 N
2. .5 m/sec2
3. 4000 N
4. 250 N
5. 1.5 m/sec2

11. .20 N
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Acquisition and Use of Materials

Computer Programs. The author authorizes non-commercial use of the

programs in the unit without his approval. A magnetic tape of the computer

programs and files may be obtained for a total cost of $25.00 includiw

all mailing and handling charges. The tape may be obtained by writing:

Librarian
Computer Center
Lindquist Center for Measurement
University of Iowa
Iowa City, Iowa 52242

Printed Materials and Evaluation Instruments. The author authorizes

non-commercial users to reproduce, citing the source, the printed

materials included in this Technical Report. The Project Physics Test

items which are included in the evaluation instruments were selected

from preliminary editions which are in the public domain.

Film Loops. Four film loops are available to support the unit.

They are not essential to effective use of the unit, but they may be

obtained from the author for a total cost of $80.00 including all

mailing and handling charges.


